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EFERENCES to the role played by polysaccharide substances in pathologic 
R and nonpathologic processes are numerous and date back some 40 vears, 
when Emerling,' and Sehardinger,? reported the isolation of a nonnitrogenous 
polysaccharide from Bacillus lactis ae rogenes. Our more recent knowledge of 
the chemieal and immunologic specificity of polysaccharide materials, especially 
from the pneumocoeeus and tubercle bacillus, has been derived in a large measure 
from the work of Landsteiner, Heidlebereer, Avery, Cioebel, Sabin, and their as- 
sociates. Other workers have contributed information concerning this subject. 

In view of the above work and since no definite role has been assigned to the 
polysaccharide fraction in the pathogenesis of tuberculosis, it seemed worth 
while to attempt the following type of experiment. 


MATERIAL AND METHODS 


The fraction was isolated from the aqueous extract (2000 ¢.¢.) of approxi- 
mately 4 kilograms of moist germ mass which had been grown on Dorset’s 
synthetic medium. The bacillary mass was mechanically agitated in its aqueous 
liquor for one month previous to the process of extraction. The fraction when 
ready for clinical testing was free from organie nitrogen, as was determined by 
the biuret, ninhydrin, and the sodium fusion (Lassaigne) tests. The material 
eave a strong Molisech reaction, indicative of carbohydrate substances; it does not 

duce before hydrolysis but reduces alkaline copper reagents after hydrolysis 
n 1 N Hel. Tests for combined pentoses were positive. The optical rotation 
observed) was 58 D. The naphthoresoreinol test for glyeuronie acid was 
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negative. The fraction was completely soluble in water at ordinary room 
temperature. Further chemical investigation of the carbohydrate material is 
now under way. 
TOXICITY 

The tests for toxicity were carried out in tuberculous and nontubereulous 
euinea pigs. Temperatures were taken in each case before any injections were 
made. Twenty milligrams in 1 ¢.¢. of normal saline solution given intra- 
peritoneally was found to be the lethal dose for animals with generalized 
tuberculosis. Death followed within five to eight hours after administration of 
the lethal dose. Normal saline solutions were injected into control animals. 
The carbohydrate material produced a rise of 3 to 5 degrees in the tuberculous 
animals and from 1 to 2 degrees in nontuberculous animals. The temperatures 


in the infected animals continued to fall to 95° F. at the time of death. In 
the nontuberculous animals the temperatures did not fall to more than 2 
degrees below the temperatures taken before injection; none of the nontuber- 
culous animals succumbed to the dosage used. No rise in temperature was 
observed in the control animals given 1 ¢.e. of the saline solution alone. It was 
also noted during post-mortem examination of the tuberculous animals that those 
with far-advaneed disease suceumbed sooner than those with less or minimal 
amounts. Death in the tuberculous animal followed three to eight hours after 


injection, depending upon the extent of disease present. 


CLINICAL 

After repeated animal experiments of the above character, one of the 
writers (G. V. Kk.) and 14 members of the hospital staff received intracutaneous 
injections of 0.01 mg. in 0.1 ¢.c. amounts of the material made up in normal 
saline solution. Saline controls were used by similar route in the opposite arm, 
the saline being the same solution used for dilution of the carbohydrate 
material. Five of the latter group.were arrested cases of pulmonary tuber- 
culosis; the remainder had no history of active disease. The results of the 
skin tests in this group are listed in Table I. 

It has been noted during injections of this carbohydrate fraction that 
when the material is administered subeutaneously, no reaction is seen in the 
skin whether in tubercular or nontubercular individuals. It has also been 
observed that in each instance when a positive skin reaction is elicited there 
occurs a concomitant change in the differential blood picture, i.e., a rise in 
lymphocytes with a fall in the monocytes and a shift to the right in the 
Sehilling index. The latter change has, in the majority of eases, been cor- 
related with the degree of skin reactivity. For example, the differential blood 
eount of an individual (tubereular or nontubereular) with a + or a + skin 
reaction (immediate reaction) has never reflected any noteworthy change follow- 
ing intracutaneous injections of this polysaccharide fraction. As a matter of 


note, the immediate type of reaction, although in many instanees has been 
correlated with the clinical improvement of the patient, has nevertheless not 
been constant enough to permit any definite conclusions at this time regarding 
its clinical significance, 
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An unusually severe reaction to the intracutaneous injection was seen in 
subject F. B. An area of erythema appeared within 2 hours following the 
injection; this gradually became intensely indurated and at its peak measured 
8 em. in diameter. One of the axillary nodes became enlarged and tender. The 
reaction did not subside until 48 hours later and it was not accompanied by 
any febrile reaction or local necrosis. This individual gave no past history of 
active disease. 

In each case, total white, red, and differential blood counts were made one 
hour before injections were given, and counts were again made 8 hours following 
the injection. In the absence of any skin reactivity whatsoever, no changes in 
the blood picture have ever been observed. The time of appearance ol a 
positive test in a ease of minimal disease, employing the usual dosage of .01 
mg., is approximately 3 hours from the time of injection and is completely faded 
at the end of 20 hours. In the instanee of far-advaneed disease, however, the 
reaction is delaved, and if it appears at all, it will not do so until 10 to 12 
hours following injection. In many far-advaneed eases of this type the 
increment of dosage has had to be increased (1.¢e., 0.01 me. to 0.1 me.) in order 
to elicit a loeal reaction, which then might appear in 5 to 10 hours or longer. 


In such cases, the reaction has been seen to persist for from 72 to 124 hours. 
TABLE I] 
SKIN REACTION IN ARRESTED AND NONARRESTED SUBJECTS 


LOCAL REACTION 


SUBJECT SEX AGE AMOUNT ROUT! : 
IM MEDIATI DELAYED 

A. C. xX X M 36 0.01 mg EY. t hrs. 
A. R. pepe M 33 0.01 me Bie 3 hrs. 
W. R. x x M 3 0.01 me. EN: 7 hrs.) 
A. M. xx M 44 0.01 me. LY. t hrs. 
W... 3K xX M 15 0.0L me. EV: 3 hrs.) 
M. G. F ae 0.01 me by; 0 

C. W. M 30 0.01 me. EV. 0 ( 2 hrs. 
igen GA M 30 0.01 me. ..V. 0 

G. M. M 28 0.01 me. ..V. 0 

E. R. K oe 0.0L me. E.Y. 0 } 6 hrs.) 
Ss. Mi I" 29 0.01 meg. EV. 0 0 

Lis J F 31 0.01 me. Ev t hrs. 
M. B. M 33 0.01 me. EV () 0) 

EB: M 34 0.01 mg. ELV. 0 (48 hrs.) 
i. Ve KK M 38 0.01 me. EY: 0) 15 hrs. 


+ Wheal with erythema and no induration 2 cm. or more; 5’ to 15’. 


> 


++ Wheal with erythema and induration 2 cm. or more; 2 to 10 hours’ duration. 
Arrested cases of at least 2 years’ standing. 
+ Erythema less than one em., with no induration. 


In Table I there is noted a delayed reaction in three individuals with 
no past history of disease. We have not as vet been able to establish any 
correlation in such instances between the individual’s past history or present 
status and the skin reaction. The discussion of the latter type of reaetion 
will be considered under the serologic heading. On repetition of the same dose, 
the size and intensity of the skin reaction is seen to fade until a local reaction 
is no longer elicited. The phenomenon is dependent upon the intensity and 
duration of the initial reaction. As mentioned above, a local reaction is again 
elicited when the increment of dosage is increased. 
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For the sake of brevity, and because more detailed tables and data are 
presently being prepared, we wish to present a group of 67 patients with 
minimal and far-advaneed disease in whom injections of the polysaccharides 
were given without hematologic or serologic study, in an endeavor to show some 
correlation between the local reaction and the extent of disease present in the 
individual case. In Table II] is a summary of the patients thus studied: 


TABLE II 


LOCAL INTRACUTANEOUS REACTIONS IN MINIMAL AND FAar-ADVANCED DISEASE 


=~ : AV. TIME OF AV. TIME OF 
NO. OF STAGE OF RANGE OF ; = 
lop APPEARANCE OF DURATION OF 
PATIENTS DISEASI DOSE : . . 
LOCAL REACTION LOCAL REACTION 
22 Minimal O.OO0T me, 38 hrs. 19.7 hrs. 
to 
O.0OL me, 
15 Far Advanced 0.01 me. 10.8 lirs, 52.4 hrs. 
to 
On) me. 


Our observations in this group justify us in saying that (a) the time of 
appearance, (b) the intensity and size of the loeal reaction, and (e) the dura 
tion of the local reaction are to be definitely correlated with the extent of in- 
volvement in each individual case. This observation suggests some reciprocal 
relationship to the toxicity tests performed earlier in guinea pigs, when it was 
noted that animals with far-advanced disease succumbed sooner to the dosage 
used then did those with a minimal amount. A similar group of patients are 
now being studied with accompanying hematologic and serologie studies. 


SEROLOGIC 


During the course of the above injections, attempts were made to demon 
strate any antibody response which might be elicited by injections of the 
carbohydrate substance. For this purpose, human subjeets were divided into 
three groups: (1) tubercular patients who had received 12 weekly injections 
in doses ranging from 0.001 mg. to 0.8 me., (2) tubercular patients who had 
received no injections at all, and (3) nontubereular individuals who likewise had 
received no injections of the carbohydrate substanee. The sera of all three 
eroups were tested for the presence of antibody before any injections were 
made. The technique used in determining the presence of antibodies is as 
follows: 5 ec. of blood were drawn from the antecubital vein and placed in 
a glass tube and allowed to clot. The clot was later separated and the super 
natant blood centrifuged at low speed. The sera were then heated at 55° C 
for one hour. Dilutions in the sera of 1 to 10 were made in all instances. 

The method of titration used was that of the simple rine test, in whieh 
the serum was overlayed with an 0.01 me. per ¢.c. concentration of the earbo 
hydrate fraction in saline. An equal number of saline-carbohydrate controls 
were also used. The observations made on the sera of the above subjects ar 
given in Table III. 

In Table III there are noted tubercular and nontubereular individuals as 
well as a convalescent patient having pleurisy with effusion, whose sera contained 


homologous antibodies for the carbohydrate fraction previous to any injection 0} 








Tubercular 


Tubereular 
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the latter. This phenomenon is altogether possible in tubercular individuals, 
since the earbohydrate fraction is a component part of the bacillary body. 
The instance of the convalescent pleurisy with effusion might also be explained 
on this basis. It becomes, however, more difficult to explain the presence ot 
demonstrable antibodies in the serum of nontubercular subjects who have no 
past history of active disease, with only the possibility of an earlier childhood 
type of infection. The persistance of circulating antibodies for an extended 
period of time is possible since one cannot easily determine the status quo of a 
primary complex. Recent exposure to respiratory and other types of infeetion 
must also be considered. Since the above subjects are members of the 
sanatorium staff and have been in intimate contact with tuberculous patients 
for a period of time ranging from two to seven years, the presence of circulat- 


ing antibodies in these individuals is understandable on this basis. 


TABLE IIT 


SERUM REACTIONS or A VARIETY OF SUBJECTS TO TITLE CARBOHYDRATE FRACTION 


SERUM SERUM 
onan CLINICAL | NUMBER wn : a SALINI 
SUBJECT ge pees AMOUNT BEFORE AFTER es 
STATUS INJECTIONS : Rea CONTROLS 
IN JECTION ft |INJECTION ft 

= Ms ©’. Min. 0) 0 0 0 
7)  .s. F. A, 0 0 0 0 
25% M. F. Min. 0 0 0 
4 es WwW. Cc. EF. A. (0) 0) (0) (0) 
a; Sh Min. 0 0 0 0 
= M. K. Pr. A. 10 0.001 mg.—-0.5 me. (0) : () 
se Hl. 8. F. A. 10 0.001 mg0.3 me. 0 . 0 
- S R. P Bs.) De 10 (0.001 mg.-0.3 mg. 0 | 0 
rie M..C. Min. 10 (0.001 mg.-0.1 me. 0) : 0 
ee W. D. Min. 10 0.001 mg.0.1 me. 0 ; 0 
x= AG, Nonth. 0 0 0 0 
.a5 £5.42. Nonth. 0 0 0 0 
iS = Ss A. M. Nonth. (0) . 0 0) 
ZX =| AG; Nonth. 0 0 0 
es C. W. | Nontb. 0) | O 0 0 0 
Con RS. Nonth. 0 | 0 x» 0 0 


valescent patient 
Pleurisy with 
effusion 


*Min. minimal disease 


FA. far-advanced disease 
+ slight ring at junction of fluids 


medium ring at junction of fluids 
heavy ring at junction of fluids 


The type of antibodies elicited by intracutaneous injections of this material, 
from determinations made thus far, has been precipitin in nature only. The 
fact that the polysaccharide fraction used in the present experiment has re- 
peatedly stimulated the homologous type of antibody might lead one to question 
how a hapten-like material may apparently act as a complete antigen.  In- 
vestigations on polysaccharide substances have shown them to be haptens because 
of their failure to stimulate antibody formation, the latter being a distinction 
set forth by Landsteiner. More recent observations, however, have been 
recorded, and they suggest that certain of the more complex haptens may act 
as antigens under definite conditions. Thus, the polysaccharide fractions that 
have been separated from various types of pneumococci, when tested by 
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ordinary methods of inoculation into laboratory animals, have no antigenie 
action; on the other hand, when these haptens are injected into the skin of 
human subjects in minute doses, specific antibodies are formed (Francis and 
Tillet,* Finland and Sutliffe* The animal and human experiments with the 
fraction used in this instance corroborates the observations of the above-men 
tioned workers; namely, that no antibody response has been demonstrated by 
any other route than the intracutaneous one. 

Since the question of protein-nitrogen-contaminating polysaccharide frac 
tions is constantly being raised, we felt it worth while te skin-test a group of 17 
nontubercular individuals with the purified protein derivative (P.P.D.) and 
our polysaccharide fraction. The age range in this group was from 6 months to 
49 years. The entire group was first tested with P.P.D. The first strength 
dose of 0.0002 me. was administered on the volar aspeet of the forearm. Two 
weeks after all reactions to the protein had subsided, the group was tested with 
0.01 mg. of the polysaccharide fraction. The results of these tests are sum 
marized in Table IV. 

These eases are being presented for what they are worth; we feel, however, 
that the results suggest some difference in the nature of the two fractions used. 
The results could be discussed at leneth from several points of view; we are, 
however, reserving this discussion until a similar and larger group whieh is 
now being studied in greater detail is completed. 

To further investigate the nature of these antibodies, protection experiments 
against what had previously been found to be the lethal dose in tubereular 
euinea pigs were carried out with the serum of the three types of subjects 
mentioned in Table V. 

For this purpose tuberculous animals were used. All of the latter had 
heen inoculated four weeks previously with 0.01 mg. strain H387 in the right 
eroin and reacted with two and three plus skin reactions to 1 O. T. intracutane 
ously. The sera of all the patients used in this experiment were tested for the 
presence ot antibodies previous 10 injection in the animals. In all the sera of 
the patients used, there were no demonstrable antibodies found, with the 
exception of the treated group. Since no quantitative methods were used in the 
titration of the above sera, we are unable to state definite titers of antibodies 
occurring in the sera used. One animal in the treated eroup suecumbed to the 
lethal dose. This animal when sacrificed was found to have an extremely far- 
advanced disease. Likewise, when using the sera of the non-treated tubercular 
patient, one animal survived the lethal dose. This particular patient had 
previously shown definite clinical improvement. 

This is in keeping with some earlier observations which were made with 
the serum of patients who had shown general clinical improvement with marked 
clearing in their x-ray report. The majority of these patients’ sera reacted 
with the polysaccharide material in the dilutions and technique mentioned 
above. Since the earbohydrate substance with which we are here concerned 
is still in the process of chemical study, and since the serologic techniques here 
employed are crude, one cannot be dogmatie in the interpretation of the above 


results. For instance, the fact that the precipitin type of antibody was thie 
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only type demonstrable does not rule out the possibility of other neutralizing 


agents which are not easily demonstrated in vitro and come under the heading 


of protective type of antibodies. More definite conclusions on this particular 


CASE 


NO, 


10 


17 


TABLE LV 


SKIN TESTS IN A NONTUBERCULAR GROUP 





ety POLYSACCHARIDE FRACTION 
— gem LOCAL 2 WEEKS pow LOCAL 
SEX ROUTE REACTION ¢ LAPSING TIME ROUT! REACTION 

? 6 mos. 0.0002 ioe i 0.0] 
me. meg. 
ey 1. Q.* 
> 6 yrs. 0.0002 | 0.0] 
me. | me. 
I. Q. | ert 
216 yrs. O,0002 a 0.0] 
me, meg. 
1. Q. 1. Q. 
£17 yrs. 0.0002 i - 0.0] 
me. mg. 
| I. Q. I. Q. 
219 vrs. | O,0002 i i 0.0] 
’ mo. mg. 
I. Q. | I. Q. 
| »() yrs | 0.0002 | _ 0.0] 
| | mo. | me, 
I. Q. | | EQ 
| 94 vrs | 0.0002 | 4 0.01 
| mg. | mg. 
| I. Q. [. Q. 
025 yrs. 0.0002 | + 0.0] 
: me, mg. 

[.Q. LQ. | 

25 yrs. | 0.0002 ia { | 0.01 

. n © | " l 3 | 
Gn | . Q. 
430 yrs. | 0.0002 ¥ | 0.01 
mg. | mg. 
I. Q. | E.:@. 
O23 yrs. | 0.0002 0.0] 
| , | mg. | me. 
| I. Q. | I. Q. 
i 46 yrs. | 0.0002 = | 0.01 
| | ie | 33 
iQ: “Q; 
| @3l1 yrs. | 0.0002 | | 0.01 
| | mg. | | mg. 
TQ. | I. Q. 
| 236 yrs. | 0.0002 0.01 
| me. | mg. 
I. Q. I. Q. 
049 vrs | 0.0002 } 0.01 
| meg. mg. 
| I. Q. [. Q. 
430 yrs. | 0.0002 0.01 
meg. me. 
T. Q. T. Q. 
439 yrs. | 0.0002) 4 0.01 
mg. | mg. 
Te: | [. Q. 


*Intracutaneously. 


7 + 


Erythema and induration 2 cm. or more in diameter. 
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TABLE V 


PROTECTION EXPERIMENTS IN TUBERCULAR GUINEA PIGS Wuitit TUBERCULAR-TREATED, TUBER 
CULAR-NONTREATED, AND NON-TUBERCULAR SUBJECTS’ SERUM 


rIME 


—— 1 ae LETHAL pose | IME OF 
ANIMAL SERUM AND IN JE¢ RESULTS TIME 
ROUTE IN J Eé¢ AND ROUTI TION 
TION 

Buff Treated Th. 4 BCC. 9 4.M./20 me. in 2 e.e.}10 A.M. | Killed 48 hrs. 
ba By Py 

Black Treated Tb. 2% Ce. 9 A.M./20 me. in 2 @.e,) 10 AM. Killed tS hrs. 
LV. LP. 

Red and White Treated Th. 2 ©€.c. 9 a.M./20 mg. in 2 ¢.c.|10 A.M. Died 16 hrs. 
iv 15, Es 

White Non-Treated a Cx. 9 a.M.|/20 mg. in 2 e.e.|10 A.M. Killed tS hrs. 
Th. iV. ig 

Brindle Non-Treated 2 CL. 9A.M./20 mg. in 2 ¢e.e.} 10 A.M. Died 12 hrs. 
Th. LV. & A 

Brindle and Non-Treated ees 9 a.M.}20 mg. in 2 ¢e.e.} 10 A.M. Died 1S hrs. 
Black Th. EW: bia 

Black and Non-Tb. 2 @.e. 9 a.M.|20 mg. in 2 c.c.| 10 A.M. Died 11 hrs. 
White r.V. oP. 

Brown and Non-Thb. 2 ee. 9 a.M./20 mg. in 2 ¢.e.|10 A.M. Died 15 hrs. 
White .V. ia. 

Brown and Buff|Non-Th. 4 2 ee. 9 A.M.|20 mg. in 2 ¢.c.|10 A.M. Died 20 hrs. 
.V. MG 


+ Tubercular patients having received 12 weekly injections of the carbohydrate fraction 
in doses of 0.01 mg. to 0.1 meg. 


++ Tubercular patients having received no injections. 
+ Nontubercular individuals. 
*I.V. Intravenous. 


tIntrapleural. 


phase of the work will be possible only, when present chemical, animal, and 
human investigations are completed. 

As was mentioned previously, there follows after each injection of this 
material (providing a positive skin reaction, delayed type) a change in the 
differential blood picture, characterized by a rise in lymphoeytes and fall in 
monocytes with a concomitant shift to the right in the Schilling index. We have 
purposely not ineluded tables or charts concerning these changes, because a 
larger group of tubercular and nontubercular subjects, along with animal 
experimentation, is presently going on in an attempt to establish a definite cor- 
relation between the subject’s present disease status and (1) the hematologic, 
(2) the serologie, and (3) the skin reactions following intracutaneous injections 
of the carbohydrate material. It is nevertheless possible for us to state at 
this time that in instanees where there has been an antibody response to in 
jections of this fraction in tubereular individuals, such a response has always 
been preceded by a change in the lymphoeytie cells as mentioned above. The 
latter observation is in keeping with the recent report of Ehrieh and Harris. 
The changes produced in the differential blood picture during the course ol 
injections with this carbohydrate fraction varied greatly in their duration 
from subject to subject. Some blood changes were seen to persist only during 
the height of the local reaction; others continued for two to three days afte 
the local reaction had subsided. We have not, as vet, made any correlation on 
this aspect of the problem other than to associate it with the extent of disease 


in the individual ease. 
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DISCUSSION 


In reviewing the literature pertaining to the leucocytie blood picture in 
tuberculosis, there is an unquestionable relationship between the lymphoeytic- 
monoeytie ratio and clinical status of the patient. From observations made on 
this subject, an increase in the number of lymphoeytie cells and a corresponding 
fall in monoeytes present a blood picture which in the large majority of instances 
has been closely related to the clinical improvement of the patient. From our 
own studies with the polysaccharide fraction we have found the afore-mentioned 
observations to hold true in almost all of our cases. While we do not have, as 
yet, any data on hand to explain the mechanism by which this polysaccharide 
fraction influences the Iymphoevtie tissue, or to assign any definite role to the 
lvmphoeyte in tuberculosis, we wish to quote the recent work of Ehrich and 
Harris... Although the antigens used in their work (typhoid vaccine and sheep 
erythrocytes) are different from the one used in our own experiments, the 
mechanism of response in both instances is strikingly similar. They write in 
conclusion: ‘* Antibodies began to appear in the efferent lymph 2 to 4 days 
after injections of the antigen and reached their highest titre after 6 days. 
This was preceded by a sharp rise in the output of lymphocytes through the 
efferent Ivmph, while in the lymph nodes there was lymphatie hyperplasia 
after preliminary infiltration of granuloeytes and monoeytes. The facet that 
the tissue response accompanying the formation of antibodies was chiefly a 
lvmphoeytie one points to the latter as a factor in the formation of antibodies. ’’ 

In our own studies in human beings we have corroborated the latter 
observation, since a rise in lymphoeytes has always preceded the demonstration 
of any antibodies. Our teehnique consists of weekly injections of the dosage 
found necessary to elicit skin reactivity: ie., usually from 0.001 mg. to 0.1 me., 
dependent upon the extent of disease in the individual patient. The primary 
response seen in the blood has always been a lymphoeytie one. The earliest 
antibody appearance in any of our eases was after 12 weekly injections of 
doses ranging from 0.01 me. to 0.2 me. Our increment of dosage is guided 
by the persistence of the skin reaction; that is, the increment is increased 
only after cessation of skin reactivity to the present dose. Experiments have 
already been mentioned concerning the antibody response. 

At present we have no experimental evidence of the role played in 
tubereulosis by either the antibody or the lymphoeyte stimulated by injections 
of our polysaccharide fraction. Krause, in his essay ‘‘The Evolution of the 
Tuberele,’’ writes, ‘‘In the elementary tuberele of ordinary experiment there 
exists besides the epithelioid cell, the lymphoeyte, which in this location does 
hot change its morphological character.’” Furthermore, the observations of 
Maximow® and Gerard® on tissue culture growths conclude that the lymphocyte 
is a transitional cell and enters into the mechanism of tissue repair. 

While the above observations are interesting and although we have made 
or own notations along this line, we do not mean to place the entire respon- 
sibility of repair in tuberculosis upon the lymphoeytie tissue or upon the anti- 
hodies which might arise therefrom; we do, however, feel that the work done 
thus far on lymphocytic tissue by various workers should not be entirely east 
aside, until further experimental evidence has been presented. 
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CONCLUSIONS 


1. A protein-free polysaccharide fraction has been isolated from aqueous 
extracts of the tubercle bacillus that is innocuous in the amounts used in 
tuberculous and nontubereulous human beings. 

2. Hematologic studies of people receiving intracutaneous injections of this 
polysaccharide indieate a definite trend in the Iymphoecytie-monoeytie ratio, 
characterized by an increase in lymphocytes and a decrease in monocytes, 
with an accompanying shift in the Schilling index to the mature type of neutro- 
philie cell. 

3. Patients having received at least 12 weekly injections of this carbo 
hydrate fraction develop antibodies of an homologous type. 

4. The antibodies formed in tubercular patients as a result of the above 
injections are capable of protecting guinea pigs with generalized tuberculosis 
from suecumbing to lethal doses of the polysacehride fraction. 

). No noteworthy change in the lymphoeytie-monoeytie ratio is observed 
unless there is an accompanying positive skin test of the type mentioned in 
Table I. 

6. The sera of some tubercular patients who have not reeeived injections 
of the carbohydrate material and who have shown definite clinical improve 
ment will protect guinea pigs with generalized tuberculosis against lethal doses 
of the carbohydrate fraction. 

7. The sera of nontubereular humans thus far observed will not protect 
animals against the lethal dose of the fraction, unless the individual has elicited 
a typieal local reaction. 

8. The appearanee and duration of the local reaction is related to the 
extent of disease. 

9. Demonstrable antibodies have always been preceded by a rise in the per 
centage of Ilvmphoeytes following injections of the polysaccharide fraction. 

10. The skin reaction produced by the polysaccharide fraction used in the 
above experiments differs in (1) time of appearance, and (2) duration, from 
the protein fractions used in routine clinical testing. 

11. In no instance during the course of the above injections has there been 
noted any febrile reactions or local necrosis in the amounts used. 

12. A group of nontubercular individuals are presented; they were tested 
with the protein fraction P.P.D. and the polysaccharide fraction used in the 
present experiment. 
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CHLOROPHYLL: AN EXPERIMENTAL STUDY OF [TS 
WATER-SOLUBLE DERIVATIVES* 





IV. THe Errect or WATER-SOLUBLE CHLOROPHYLL DERIVATIVES AND OTHER 
AGENTS Upon THE GROWTH OF FIBROBLASTS IN TISSUE CULTURE 
LAWRENCE W. SmitH, M.D., PHILADELPHIA, PA. 

With THE ASSISTANCE OF MacutTretp EK. Sano, M.D. 


IK problem of wound healing is one whieh has been intermittently the 

object of intensive clinical investigation over the years because of its 
obvious importance not only in ordinary civilian practice but especially in 
wartime. More recently, laboratory methods have been utilized more and more 
in the search for a satisfactory answer to the question. Tissue culture tech- 
nique has been found to lend itself particularly well to the testing of various 
agents for their growth-stimulating effects. By this procedure standard cul- 
tures of cells can be grown under uniform conditions, very much as feeding 
experiments are made use of in studying and assaying vitamin requirements 
and content of foods. Similarly, single agents in varyine concentrations can 
be added to the basic culture medium, and an exact quantitative measurement 
of their effect on cell growth determined. 

Because of the almost regular response clinically of longstanding chronic 
ulcerative lesions to the application of chlorophyll with the formation of 
healthy granulation tissue and subsequent epithelization, as reported by 
Boehringer,' Buergi,? Gruskin,*® and others, it was decided to study the effect 
of chlorophyll on the growth of fibroblasts in tissue culture to determine if 


possible whether this agent, as claimed, actually possessed any growth-stimu- 





lating properties. Various control experiments were carried out simultane- 
ously, using other substances currently in use or under investigation in respect 
to the whole problem of wound healing. The preparation used in these studies 
consisted of medicinally purified water-soluble derivatives of chlorophyll,t 
in the main, a saponified metal complex, presumably sodium copper chloro- 
phyllin. This we had tound from experience to be more satisfactory than the 
oil-soluble derivatives with which apparently Boehringer and Buergi worked. 
“ultra- 


‘ 


The following agents were employed in this study, all except the 
filtrate’’ in aqueous solution: 
1. Chlorophyll,¢ 0.2 per cent 
2. Castilian malva$ infusion made by steeping 10 Gm. of 


*From the Department of Pathology, Temple University School of Medicine. 
Aided by a Grant from the Committee on Therapeutic Research of the Council on 
Pharmacy and Chemistry, of the American Medical Association, Chicago, III. 
Received for publication, Aug. 5, 1948. 
+Wherever the term ‘‘chlorophyll’’ is used in these studies, the water-soluble derivatives 
re meant, the term ‘‘chlorophyll’’ being used solely for the sake of brevity. 
¢The aqueous soluble chlorophyll preparation was generously supplied by the Rystan 
‘ompany of New York, sole appointee of the Lakeland Foundation, Chicago, in accordance 
ith the regulations of the Federal Food, Drug, and Cosmetic Act regarding experimental 
therapeutic products. 
; §The Castilian malva was generously supplied by_ the Upjohn Company of Kalamazoo, 
lich., in accordance with the regulations of the Federal Food, Drug, and Cosmetic Act 
garding experimental therapeutic products. 
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powdered leaves in 100 e.¢. of distilled water for one hour, 
filtering and autoclaving. 
>. Methionine (Merek) 0.01 per cent 
4+. Sulfanilamide (Merck) 1 per cent 
». Ascorbic acid 0.01 per cent (Merck) 
6. Brewer's veast extract (B complex) 0.025 per cent (Mead) 
7. Simms’ ‘‘ultrafiltrate’’* 
PROCEDURE 

The technique employed is essentially that successfully used by us for the 
past ten or twelve years In tissue culture studies.4 Especially designed thin 0.5 
em. Pyrex glass or aluminum rings with an inside diameter of + em. are mounted 
sterilely on a cover glass by the use of paraffin. The medium is then added to 
this chamber, the tissue fragments fixed in position, and the chamber sealed by 
another sterile cover slip. This entire chamber is then placed within a sterile 
Petri dish and incubated in the usual manner. By this technique we have an 
easily accessible means of washing our cultures and replenishing the medium. 
It furthermore gives us a large, flat surface area for microscopic examination 
and photography of the culture and permits the use of a relatively large num- 
ber of individual explants under identical conditions, a matter of considerable 
importance in the statistical evaluation of such studies as these, in whieh in- 
dividual variation in the behavior of colonies is so prone to occur. 

The basic medium used has been a Tyrode-plasma-tissue extract combina- 
tion in the proportions of 4-4-2 parts respectively. The Tyrode solution is the 
usual standard salt mixture; the plasma has been obtained from chickens and 
heparinized in the proportion of 1 me. to each 5 ¢.«. of plasma; as a matter of 
convenience maternal mouse spleen has been used for the tissue extract. After 
much preliminary and comparative study of tissues from various animals as 
well as human biopsy material as a source of fibroblasts, the embryonic¢ mouse 
heart was selected as the test tissue. This possessed the advantage of uniform- 
ity for comparative purposes, and likewise was almost constantly available 
from our breeding colony. 

The embryonic mouse heart was minced into small fragments 3 to 4 mm. 
in diameter and thoroughly washed twice in normal salt solution to remove 
any adherent tissue extract which might act as a growth stimulant. The frag 
ments were planted in the medium, their identity duly recorded on the cove 
slip, and their measurement taken. Five to ten fragments were thus inoculated 
into each culture dish. Readings were made routinely each twenty-four hours 
and the growth in millimeters from the edge ot the original tissue mass was 
recorded. 

Approximately five hundred tissue cultures were grown, averaging fifty t 
sixty for each set of experiments. Variations in the concentration of the drug 
or substance under investigation were made in an attempt to see whether thers 
was any optimal concentration in any instance. In general, it may be said 
that there was very little difference in the rate of cell growth within wid 


*Courtesy of Dr. H. H. Simms, Columbia University, College of Physicians and Surgeon 
New York, N. Y. 
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limits of such concentration. Too great an excess did seem to exert a definite 
inhibitory effect. This might best be explained perhaps on a physical rather 
than a chemieal basis. 

Certain technical difficulties were encountered from time to time. A small 
proportion of the cultures (5 per cent) failed to grow at all. These were 
simply disregarded in the computations, as the number of such nonviable 
colonies was about the same in the several groups. The chlorophyll exerted a 
definite and fairly quantitative inhibitory effect upon the plasma-clotting 
mechanism* which vitiated one entire set of cultures. It was found for this 
reason that concentrations of over 0.2 per cent chlorophyll could not be used 
successfully with this particular technique, but that the typical optimal growth 
response was obtained with this concentration. 

The Castilian malva offered a special problem, as in the initial experiments 
the great majority of cultures became contaminated with a mold in spite of 
the fact that the infusion had been filtered through cotton and autoclaved 
before using. We had to resort to fractional sterilization to overcome this 
difficulty. With this exception, contamination was negligible, less than 1 per 
cent, and such cultures were discarded from the final computations, 

Kvery effort has been taken to make these readings as objective and criti- 
cal as possible, the measurements being checked by two observers for the most 


part and frequently without prior knowledge as to which agent was being used. 


DISCUSSION 


The results obtained in these experiments are summarized in Table I. It 
seems possible to draw certain definite conclusions from an analysis of these 
figures. They likewise provoke much of speculative interest. There seems to be 
little purpose in discussing in detail the individual experiments from which this 
report has been assembled. To those who are interested in the ‘‘toil, tears, and 
sweat’’ which are involved in such tissue culture studies, the original records are 
all available. To those whose interest Hes primarily in the possible practical 
application of such studies to the clinical problems of wound repair, sueh individ- 
ual protocols would have but little significance. 

Nevertheless, there are certain aspects of these studies whieh might be dis- 
cussed briefly. In the first place, it is well to emphasize the quantitative nature 
of these studies. Were it not for the relatively great numbers, their interpreta- 
tion might very justly be open to criticism. In almost every group there have 
been individual colonies within a single culture whieh have temperamentally 
varied greatly in their rate of growth from their fellows, either lagging or step- 
ping up their cell division to an excessive rate. It is hard to explain satis- 
factorily such behavior. We believe that the laggards probably represent tis- 
sues which have been unduly traumatized in handling; and that the more 
aggressive colonies retain some of the growth-stimulating factors normally 
present in injured tissues through surface adsorption or inadequate washing 
in saline before planting. Such an hypothesis is more or less substantiated by 
actually macerating cells before explantation, with resultant failure of growth 


*As a side issue, this effect upon clotting was studied on several samples of blood, and 
was found that clotting could be delayed or actually inhibited by the addition of chlorophyll 
concentrations of 1:200 to 1:50 to blood samples as drawn hypodermically for clotting time. 
is might be further explored as a possible substitute for heparin or dicoumarin therapy in 
surgery. 
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on culture or the addition of supplemental tissue extract to a control culture 
with corresponding accelerated and more profuse erowth. 

It will be noted from an examination of the table that the substances 
studied fall into three groups insofar as their initial effeet on cell growth in 
tissue culture is concerned. The growth of cultures to whieh either vitamin B 
or © was added did not appreciably differ from the control cultures. The ad- 
dition of sulfanilamide definitely slowed down the rate of growth, and this 
effect persisted throughout the period of observation. In the third group we 
find that all four agents studied gave evidence of having a certain, comparable 
stimulating effect upon eell growth during the first twenty-four hours. Even 
in this group, however, the chlorophyll effect stands out as being significantly 
ereater than that of any of the other three substances. It is of particular 
interest to note that this initial effect is sustained throughout the duration of 
the experiments in the ease of the chlorophyll, whereas it drops off within forty- 
eight to seventy-two hours in those eultures to which the methionine, Castilian 
malva, and Simms’ ultrafiltrate had been added, and the subsequent growth 
more or less parallels that of the control cultures. This same stimulating effect 
of ehlorophyll upon fibroblastic proliferation in tissue culture has been ob- 
served by Dunham.* 

TABLE I 


AVERAGE GROWTH OF FIBROBLASTS EXPRESSED IN MILLIMETERS 


24 HRS. $8 HRS. 72 HRS. 96 HRS. 120 HRS. 
Control 10.8 37.4 67.8 99.3 132.5 
Vitamin B 113 44.1 70.2 98.7 129.8 
Vitamin C 10.6 38.6 59.4 91.3 123.7 
(Ascorbic Acid 
Sulfanilamide 5.3 18.3 31.7 18.8 63.4 
Ultrafiltrate 335 $4.1 69.3 86.4 95.6 
Methionine 99.8 93.2 12.0 87.5 130.0 
Castilian Malva 224 10.5 63.5 85.8 126.4 
Chlorophyll 27.4 54.3 88.9 120.4 148.6 


( Aqueous Solution 


These studies have likewise emphasized the necessity of replenishing the 
supplementary stimulating agent in the medium in order to maintain the rate 
of growth of the culture. The practical application of this observation to the 
clinical use of such preparations is self-apparent. The control culture grows 
at an average rate of approximately 31 mm. per twenty-four hours after an 
initial lag period of six to eighteen hours. The same picture is noted in thos« 
cultures to which vitamin B complex or ascorbic acid is added. There is the 
same relatively prolonged lag period, followed by a steady, continuous growth 
apparently uninfluenced by these agents. On the other hand, the sulfanilamide 
appears to maintain a continuous depressant effect over a period of at least 
one week, following a single dose added initially to the medium, unless the 
dilution is extremely high (1:5000). In the latter case no abnormality in th: 
growth curve develops as compared to the control. An almost comparabl 
retardation in the rate of growth occurs at whatever point during the first 


five days that the sulfa drug is added. 





*Unpublished Data; Dunham, W. B., New York Post-Graduate Hospital, New York, N. Y. 
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In the case of the Castilian malva, the Simms’ ultrafiltrate, and the me- 
thionine, the initial stepping up of the growth curve is followed by a retarda- 
tion in the rate of growth of the culture, and subsequent replenishment of the 
medium with these agents produces only a slight and temporary additional 
stimulating effect. 

With the addition of as little as 0.05 per cent of chlorophyll to the culture 
medium at the time of its inoculation, there is a sharp reduction in the lae 


period. Well-defined growth can be demonstrated regularly within six to eight 


hours, and not infrequently migration of cells occurs within two to four hours. 
This acceleration of fibroblastic proliferation tends to reach its peak within 
thirty-six to forty-eight hours, following which the growth curve begins to 
flatten out. By replenishing the chlorophyll every forty-eight hours, however, 
the initial 24-hour lead of nearly 40 per cent greater growth is maintained, 
with a step-like curve. If, however, the culture is not replenished with chloro- 
phyll by the end of the forty-eight-hour period, then the curve of growth slows 
down so that by the end of five to ten days it, too, parallels the control culture. 

The nature of this biologie response of the fibroblast to the presence of 
chlorophyll is most obscure. Whether it is the pigment molecule as a whole or 
some individual component part of it which is the effective agent remains 
undisclosed. Whether the chlorophyll acts directly or indirectly as a catalyst 
or through some photosynthetic mechanism is but one of the problems which 
this study provokes and which await a solution at some time in the future. 

These tissue culture studies tend to support the clinieal observations of 
Buergi, Gruskin,* and others as to the apparent growth-stimulating effect of 
chlorophyll upon fibroblasts. The clinical implications in regard to its possible 
therapeutic value in the repair of wounds are obvious. Even in ordinary opera- 
tive procedures it might well have a place through the elimination or reduetion 
of the usual lag period before repair begins. In chronic indolent lesions such as 
anemie (varicose) uleers and other chronic infections, especiaily those associated 
with a reduced blood supply, the use of sueh water-soluble chlorophyll prepara- 
tions would seem to be thoroughly justified. Again, in the older patient, whose 
healing processes normally are notoriously retarded, chlorophyll would seem to 
offer a possible step forward in the treatment of the multitudinous surface lesions 
with which he seems particularly to be afflicted. 


SUMMARY 


1. The behavior of fibroblasts in tissue culture subjeeted to the action of 
various agents including vitamin B complex, vitamin C, sulfanilamide, Castilian 
malva, methionine, Simms’ serum ultrafiltrate, and an aqueous soluble chloro- 
phyll preparation is reported. 

2. Vitamin B complex and vitamin C cause no change in the rate of growth 
ol fibroblasts under the conditions of these experiments. 

3. Sulfanilamide in concentrations of more than 1:5000 show a definite re- 
tarding effeet upon such cell growth. 

4. Castilian malva, methionine, and Simms’ ultrafiltrate cause a prompt but 
lemporary increase in the rate of growth during the first twenty-four to forty- 
eight hours, followed by a leveling off of the curve to approximate the control. 


*Loc. cit. 
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5. Chlorophyll in concentrations of 0.05 per cent to 0.5 per cent, when added 
to comparable tissue cultures of embryonic fibroblasts, causes an almost immedi- 
ate growth response with elimination of the usual six- to eighteen-hour lag period. 

6. This growth-stimulating effect can be maintained by replenishing the 
medium with chlorophyll every forty-eight hours. 

7. A discussion of the possible elinieal application of this biologie reaction 


to the problem of wound healing, both traumatie and thermal, is presented. 
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TRAUMATIC AUTOGRAFT OF SPLENIC TISSUE IN THE BODY 
W ALL* 


A. J. Gitt, M.D.,f Mempuis, TENN. 


HERE have been a few reports in the literature of implants of splenic tissue 

over peritoneum and omentum as a result of traumatic rupture of the spleen. 
The usual sequence of events is: traumatic rupture of the spleen, splenectomy, 
and, often vears later, observation of the abdominal cavity at operation or 
autopsy, at which time multiple small nodules of splenic tissue are found 
studded over the peritoneal surfaces and omentum. <At least 82 such trans- 
plants in one patient are mentioned by Shaw and Shafi,’ about 75 in a case of 
Hamrick and Bush.” and 200 to 300 nodules in a case described by Lee.*. The 
small implants vary from microscopic size to as large as 2 cm. in diameter and 
are usually sessile growths, but may be pedunculated. 

Most of the implants which have been described are superficial peritoneal 
masses, but in the case of Shaw and Shafi, one microscopic implant was noted 
in the wall of the gall bladder, one in the upper portion of the left ureter (a 
left nephrectomy appears to have been performed on the patient at the time of 
the splenectomy), and one was imbedded in the liver. It is presumed that this 
last nodule was a graft which developed in a laceration of the liver which oe- 
curred at the time of the original injury. One macroscopic pleural implant 
was also noted on the lateral aspect of the centrum of the eighth dorsal vertebra. 
The authors did not demonstrate a scar in the diaphragm, but believed that 
there must have been a small tear to account for this implant. 

That this condition is not often seen is probably due to a combination of 
factors. Especially important is the infrequent survival of persons who suffer 
traumatic rupture of spleen (as mentioned by Hamrick and Bush® and the 
probability that relatively few of those who do survive the injury and splenec- 
tomy ever come to subsequent operation or autopsy so that the peritoneal cavity 
can be examined. 

From consideration of experimental work, as well as case reports, it seems 
probable that splenic implants may be the rule rather than the exception in 
cases of traumatic rupture of the spleen. Several factors may influence the 
likelihood of implant, however. It is suggested by Hamrick and Bush that 
youth may be an important factor. They note that the cases where data are 
available have suffered the original trauma at an average age of slightly more 
than nine years. 

It is possible that youthfulness of splenic tissue is an important factor in 
viability of this tissue for autografts, but it should be kept in mind that trau- 
matie, subeutaneous rupture of normal spleen occurs most frequently in child- 
hood,'? and this may aecount in part for the greater frequency of the phenomenon 





*From the Department of Pathology, University of Tennessee. 

Received for publication, Aug. 11, 1943. 

+Present address: Medical School of the Southwestern Medieal Foundation, 2211 Oak 
Lawn, Dallas 4, Tex. 
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in children. It is noted in different series that incidence of splenic rupture varies 
from 30 to 43.8 per cent for the age group 0 to 10 years,’ In animals and in 
man, the spleen tends to become somewhat atrophic in old age, and this may 
have some effect on the probability of implant in older age groups. It has 
been observed in rabbits that autografts of spleen are, on the whole, more sue- 
cessful in young animals.> 

Other factors which may influence the likelihood of implantation are by no 
means clear. In their review, Jarcho and Andersen® reported two eases, dis 
cussed twelve other cases, and examined certain of the older theories suggested 
to account for the presence of many splenic nodules over the peritoneum after 
recovery from traumatic rupture of the spleen. One of the most interesting 
of the older ideas is the ‘‘splenoid’’ theory, largely accredited to Von Stuben 
rauch. According to this theory, removal of the spleen causes the formation 
of nodules of tissue resembling spleen by differentiation of previously undif- 
ferentiated cells of the peritoneum. Another theory suggested that the nodules 
represent splenic anlagen which are stimulated to undergo compensatory hyper 
plasia as a result of splenectomy. 

[It should be mentioned that one or more accessory spleens are frequent. 
It has been suggested that they account for the multiple splenic nodules after 
splenectomy following traumatic rupture. Accessory spleens, however, occur 
characteristically in the region of the splenic bed and are never widespread as 
in the case of traumatic implants. Shaw and Shafi, and others, have pointed 
out that the distribution of splenic implants over the peritoneum, diaphragm, 
omentum, and in the pelvis is like that observed in implants seen in intra 
abdominal malignancy where scattering of viable tumor tissue is presumed. 
Also, the fact that implants are observed only in cases where the spleen is re 
moved for traumatic rupture, and never after removal of the intact spleen, is 
good evidence that the nodules observed are autografts of the ruptured spleen. 

At this time there can be no doubt that traumatic rupture of the spleen can 
result in wide distribution of fragments of splenie tissue which may persist as 
implants over the peritoneum for many vears. It would be reasonable to sup- 
pose that these autografts, which resemble normal spleen, might be capable of 
reacting to disease as does intact spleen. It is the purpose of this paper to 
describe a case which has two features of special interest. First, it is an ex 
ample of traumatic transplantation of splenic tissue into the soft tissue of the 
body wall rather than the usual peritoneal location, and, second, the implant 
after having been present for a considerable length of time, suddenly began to 


enlarge in what may have been a response to a malarial infection, 


CASE REPORT 


+ 


In August, 1940, J. M. M., colored male, about 52 years of age, was shot through 
lower portion of the left chest. The bullet passed through the left lower thoracie wall in 
an anterior-posterior direction and fractured the ninth and tenth ribs in the posterior axillar 
line as it passed through the chest wall. There was considerable hemorrhage from the wou 
of entrance and exit, but never any hemoptysis or positive x-ray evidence of hemothoras 
pneumothorax, or pneumoperitoneum. Note is made, however, that breath sounds were 1 
audible over the left lower chest. Study of x-rays made at this time reveal no visible change 


in the diaphragm which might be construed as evidence of injury. The patient was d 


f 


charged from the hospital after six days, without operative treatment. 
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In December, 1941, the patient again appeared at the hospital with a chief complaint 
of ‘‘vomiting blood and pain in stomach.’’ Three weeks before the date of this admission 
he was kicked by a mule over the left costal margin, anteriorly. He immediately vomited 
hlood-streaked material. He was not ineapacitated, however, and worked until one day 
prior to admission. On this day he lifted a heavy weight and experienced a tearing sensa 
tion in his abdomen followed by constant pain and frequent vomiting of blood-streaked 
vomitus. 

Physical examination revealed absence of breath sounds on the left side below the 
fourth interspace and a tympanitic percussion note over the left lower chest. X-ray exam 
ination (after introduction of stomach tube) revealed a large diaphragmatic hernia on the 
the 


left with herniation of the stomach up to level of the seeond interspace. Fracture o 
tenth rib in the posterior axillary line with considerable displacement of the fragments was 
also mentioned, The fracture corresponded to that described in August, 1940, as a result 
of the bullet wound. The ninth rib was well healed, but there had been almost no change 
in the tenth rib. 

The patient was operated upon, and a large rent in the left posterior diaphragm was 
repaired, The left chest contained transverse colon, two-thirds of the stomach, and the 
spleen. It is stated in the operative note that the spleen was adherent to the diaphragm 
and posterior aspect of the parietal pleura near the vertebral column and had to be removed 
before the hernia could be repaired. Personal communication from the surgeon and a study 
of the surgeon’s notes indicated that the entire spleen was removed and seemed to be intact, 
although the upper portion was firmly adherent to the diaphragm and posterior portion of 
the pleura as mentioned above. The surgeon also stated that the spleen was of average size 
and shape, but that there were many dense, white, somewhat depressed sears across the organ 
as if lacerations had occurred in the past. After a stormy recovery, he was discharged in 
good condition on the twenty-third postoperative day. At the time of this admission a 
note was made that a small, tender swelling was present in the chest wall at the level of 
the ninth or tenth rib in the posterior axillary line. This nodule appeared to be in the 
scar of the bullet wound which was received in August, 1940. 


t 


time the patient complained of 


The last admission was on Sept. 15, 1942, at which 
soreness and gradual increase in size, during the past three or four weeks, of the small mass 
in the left posterior axillary line which had been noted on the previous admission. He also 
complained of vague paresthesias along the lower portion of the left chest extending ante 
riorly to the epigastric region. 

Physical examination revealed a firm, ovoid mass about the size of a hen’s ege at the 
level of the tenth rib in the posterior axillary line. X-ray of the area revealed nonunion 
of the rib at the site of the old injury and little change in the fragments since the time 
of the original fracture in August, 1940. Clinical opinion was divided as to whether the 
condition was that of osteomyelitis or malignant or benign neoplasm. 

Laboratory findings on this last admission were: hemoglobin, 13.8 Gm.; red blood 
cells, 4,450,000; white blood cells, 9,800. The differential count was not remarkable. 


Upon the day of admission to the hospital, Sept. 15, 1942, the patient had a sudden 


rise in temperature to 104° F. and a hard chill at 4 p.m. The temperature rapidly fell afte 


the chill and remained normal or slightly subnormal all the following day. On Sept. 17, 
1942, at 4 P.M. the temperature again rose above 105° F., and another hard chill was exper 
enced. On this day malarial parasites were demonstrated in the peripheral blood. Tertian 
ring forms and gametocytes were described. Quinine sulfate was immediately started, and 
temperature remained normal until the day of operation, Oct. 8, 1942. Questioning of 
patient elicited the statement that he had an episode thought to be malaria about ten to 
twelve years ago, but had no chills or fever in recent years and none immediately before 
admission to hospital. 

On Oct. 8, 1942, the tumor mass was excised with a portion of the tenth rib. The rib 
appeared to be surrounded by the tumor which was deseribed as ‘‘soft tumor mass protruding 
around the rib and in the soft tissues of the chest wall.’’ 

During the operation, the pleural cavity was entered, the diaphragm was accidently 


penctrated, and the peritoneal cavity exposed; but the opening was small and no observations 
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on the peritoneum were made. The opening in the diaphragm was sutured and the wound 
was closed. 

Postoperative course was not remarkable except for moderate elevation of temperature 
which began the day of operation and persisted for nine days. <A single exception to the 
above was a chill with temperature of 104° the second postoperative day. The patient was 


discharged in good condition, Oct, 24, 1942. 


’ 


Pathologie Examination of the Operative Specimen.—The specimen con 
sisted of a fragment of broken rib with an attached soft tissue mass. The soft 
tissue measured 3 x 2 em. in greatest diameters. It did not appear to arise 
from the rib itself but lay between the ends of the fragments and around the 
fracture site. The nodule was well encapsulated. Upon gross examination it 
was described as red, soft, and very friable. 

Microscopic examination of the soft mass revealed well-defined splenic 
tissue. The pulp was not striking in appearance, except for some fibrosis and 
rather conspicuous sinusoids. Malpighian bodies were numerous and bulk) 
with large germinal centers, 

Trabeculae were present in numbers and appearance suggestive of normal 
spleen. The capsule on the surface was not thickened and resembled a norma! 
splenie capsule. 

Beneath the capsule in pulp there were two small areas of hemorrhage 
showing early organization and containing a few lymphocytes. Scattered 
throughout the pulp, for the most part in macrophages, were large quantities 
of brown pigment. <All of the pigment was iron-containing, as determined by 
the ferrocyanide reaction. No noniron-containing pigment was seen, = The 
gross specimen was discarded before photographs or sections of the bone at the 
fracture site could be made. 

Discussion.—The evidence seems to justify the assumption that this is a 
case of traumatic implantation of splenic tissue in the chest wall at the costo- 
phrenie angle. 

It seems probable that the bullet in August, 1940, tore through the upper 
portion of the spleen, lower lateral portion of the left diaphragm at the costo 
phrenic angle, and then passed through the body wall, fracturing the ninth 
and tenth ribs. In its passage, the bullet may have carried a fragment of 
splenic tissue through the extreme lower lateral portion of the diaphragm near 
the attachment to the chest wall and left it lving between the fractured ends of 
the tenth rib in the body wall where it persisted as an autoplastie transplant. 
perhaps explaining in part the nonunion of the fracture. 

It is possible, of course, that this portion of displaced spleen maintained 
some attachment to the main mass of splenic tissue for a time, possibly until the 
rent in the diaphragm healed. It may be, too, that small fragments vet remain 
trapped in scarred diaphragm and perhaps in the splenic bed. None were 
deseribed in the course of the operation for repair of the diaphragmatic hernia, 
however. 

While it is not possible to say from either histologic or clinical evidence 
that the implant increased suddenly in size as result of malaria, it is hard io 
escape this impression in view of the order of development of events. It is 
probably safe to assume that this patient’s malarial inoculation took place not 
less than fourteen days prior to his admission to the hospital. Boyd, Stratman- 
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Thomas, and Muench' have pointed out that the gametoeytes of Plasmodium 
vivax have not been observed prior to the fourteenth day following inoculation, 
and may be later in appearance. The rather rapid and sudden increase in size 
of the splenic nodule may be significant. Coggeshall’ has shown that the rate 
of the spleen increase after the first intravenous injection of Plasmodium know- 
lesi in monkeys followed a straight line until twenty-four hours before death. 
A much greater and more rapidly developing splenomegaly was noted in ani- 
mals in which a chronic infection existed. Such animals, when injected with 
large numbers of homologous parasites, showed a rapid increase in size of the 
spleen as compared with primary infections, followed, however, by a fairly 
rapid decrease. It is not at all unlikely that the patient in the case described 
in this paper had chronic malaria. 

In this ease it should be noted that the splenic pulp, capsule, trabeculae, and 
Malpighian bodies appear to be like normal splenic architecture in every re- 
spect. The various reports in the literature differ somewhat in the description 
of the autograft nodules as regards the resemblance to normal spleen. One 
gains the impression, however, that none depart very far from the usual ap- 
pearance. In one of the cases described in the literature’ it was noted that, al- 
though the splenie pulp, in implants was easily recognized, it was not consid- 
ered to be identical in detail, and in only two nodules were there structures 
which might be an attempt at splenic corpuscle formation. Lee* indicated that 
the implants in his case were like normal spleen with pulp and Malpighian 
bodies. Buchbinder and Lipkoff? noted a case in which the transplants re- 
sembled normal spleen except for paucity of Ivmph follicles and trabeculae and 
an occasional atypical blood vessel relationship. It may be that the degree of 
similarity of the implants to the normal splenie tissue depends upon the size 
and components of the original implant. If all components of the spleen are 
represented in the implant, one might expect it to duplicate the histology of 
normal spleen. If, on the other hand, only pulp elements in very small frag- 
ments are scattered, it would seem possible that other structures might be lack- 
ing or scarce in number, although it is believed that reticular cells of splenic 
pulp are capable of differentiation into Malpighian bodies as well as pulp ele- 
ments. In most of the recorded cases there has been extensive tearing of the 
spleen, with hemorrhage, and, presumably, wide distribution of tiny pulp frag- 
ments over the peritoneum. In the case described here, however, a large pos- 
sibly solitary mass is believed to have been displaced. That the presence of all 
components of adult spleen in implants is not necessary to produce grafts simi- 
lar to normal spleen is suggested by work of Calder? on experimental animals. 
He observed that in experimental implants all except a narrow rim of tissue at 
the periphery of the implant becomes necrotic and that the necrotie center is 
then replaced by proliferation of undifferentiated reticular cells which survive 
at the edge. He feels that most elements of spleen can be derived from these 
cells and that the essential factor in growth of splenic grafts is survival and 
proliferation of reticulum cells. 

The possibilities of experimental subcutaneous autografts of spleen have 
been explored and appear to offer no serious problems. According to Marine 
an Manley’ autografts of spleen introduced beneath the subcutaneous fascia 
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of the anterior abdominal wall in rabbits seldom fail to survive. They state, 
however, that although an autograft may survive or even grow slightly, it does 
not show really extensive growth unless the spleen is partially or completely 
removed. Their transplants which grow or survive are said to have all the gen- 
eral characteristics of normal spleen, both as to number of component struc 
tures and their relationship to each other. It appears that no experiments were 
carried out by them relative to reaction of implants to infection, but they 
noted that in several cases where animals died of pneumonia, the grafts were 
eongested, and in one case, the transplants were soft, showed increased pulp 
cells; and they suggest that transplants might react to infections as the intact 
spleen does. Perla and Gottesman!'’ indicate that in many eases, splenie trans 
plants in rats reaet to protect the animals against Bartonella muris anemia. It 
is interesting that typical tubercles were described in several implants by Shaw 
and Shafi as an indication that this common finding in intact spleens is also 
noted in implants. They state, however, that no bilharzial pigment was present 
in implants, although the patient showed infestation. (It will be recalled that 
only iron-containing pigment was observed in the case reported in this paper 

It has been suggested by Morrison, Lederer, and Fradkin® that accessory 
spleens remaining after splenectomy may account for some of the failures of 
operation in certain conditions, such as thrombocytopenic purpura. With this 
in mind, it would seem probable that implants of spleen might also maintain 
functional capacity similar to the intact normal spleen, especially when that 
organ has been removed. It is suggested by the case described here that ma 
laria may be capable of causing enlargement in autografts of the spleen. 

Summary and Conclusions.—A case is reported of bullet wound through 
lower left chest at about the level of the tenth rib in the posterior axillary line. 
About fifteen months later the patient suffered a rupture of the diaphragm with 
diaphragmatic hernia; this was repaired about three weeks after the accident. 
At time of repair the apparently intact spleen was found adherent to the lower 
surface of the diaphragm and to the posterior chest wall near the spine. _ It 
was dissected free and removed to facilitate closure of the rent in the dia 
phragm. About nine months after operation, a small subcutaneous mass in thi 
left posterior axillary line, which was known to be present in the sear of the 
bullet wound prior to the operation for repair of the diaphragmatic hernia, in- 
creased rather rapidly in size and became painful. Shortly after change in 
size was noted, the patient developed typical malaria. Operation revealed a 
mass of characteristic splenic tissue lying in chest wall between the broken ends 
of the tenth rib. While it is not felt that a positive diagnosis of ‘‘ malarial’ 
splenomegaly in the autograft of spleen can be made, this possibility is ind! 
cated. 
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THE BACTERICIDAL ACTIVITY OF SOME DL-(HYDROXYPHENYL 
ALKANES* 


BERNARD HEINEMANN, Pu.D.,t New York, N. Y. 


INTRODUCTION 
HE bactericidal properties of phenol and phenolie compounds tave been 
the subject of considerable intensive research. On the other hand, bae- 
tericidal investigations of series of di-(hydroxypheny!) alkanes have been some 
what limited. 


Harden and Reid! studied. amone other compounds, a series of the tvpe: 
| VI 
H 
HOC s & i Son 
i ped 


where R may be hydrogen or an alkyl group (from methyl to n-hexyl). Their 


results showed increasing germicidal activity, against Staphylococcus aureus, 
with increasing length of the aliphatie chain. 

Richardson and Reid? continued these studies on several a, o derivatives of 
the type: 


HOt > CH, < on 





in which the aliphatic chain varied in length from CH,, as shown, to C,,H 
These compounds were much less soluble than the corresponding a, a derivatives, 
and they were able to obtain maximum killing dilutions only for the first fou 
members of the series. Lengthening the aliphatic chain was found to increase 
bactericidal power against S. aureus. 

As the result of some organie syntheses, in this laboratory, 28 di-( hydrox; 
phenyl) alkanes were made available for bactericidal testing. The basie formulas 
for the compounds discussed in this report, based on the position of th 


hydroxy] groups, are as follows: 


HOS S CH—CH CH Son 


(A) 


*From Research Laboratories, Schieffelin and Co, 
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HEINEMANN: SOME DI-( HYDROXYPHENYL) ALKANES PAS, 


HO 
ee ;, 17 hg 
0: CH —CH—CH 
i a 
RR, R, 
(B) 
HO a 
‘a Ncu—cu—cuZ SoH 
he Pi Ms 
Ro RR 
(G) 


R,, R.,, KR. may be hydrogen or an organic radical. 

kor convenience, these compounds are divided into series based on the 
structure of the aliphatie chain. Series I includes compounds ef basie formulas 
(A), (B), (©), and (D). All the compounds in the other series have the basie 
formula (A). Chemical investigations of monosubstituted derivatives of 1, 3 
di-(p-hydroxyphenyl) propane have been presented by Stuart and Tallman.* 


Chemical studies on the more highly substituted derivatives are to be reported. 


METHODS 


Stock solutions of the compounds were prepared, in suitable concentrations, 
in 95 per cent ethyl aleohol, by volume. Dilutions were made from the stock 
with sterile distilled water. Maximum bactericidal dilutions were obtained in 
the presence of 20 per cent alcohol, by volume, in all instances, since it is known 
that the activity of phenolic compounds may be influenced by the concentra- 
tion of aleohol present. A 20 per cent concentration of ethyl alcohol, by vol- 
ume, did not kill the test organisms within the time limit used. 

The test organisms were S. aureus 209 and Eberthella typhosa grown in 
IDA. nutrient broth. To 5 ¢.e. of diluted compound, at 20° C. there was added 
0.5 ec. of 18- to 24-hour growth of culture. Afte~ standing at this temperature 
for ten minutes, transfer was made with a 4mm. loop (No. 23 B. & S. gauge wire ) 
to 10 ee. of sterile nutrient broth. Subeultures were incubated at 37° C. for 
forty-eight hours and maximum killing dilutions determined. Tests made for 
bacteriostatic properties revealed that it was not necessary to further transfer 
the subeulture. 

RESULTS 

The bactericidal dilutions, against S. aureus and EF. typhosa, for the com- 
pounds tested are shown in Table I. It is noted that bactericidal activity against 
S. aureus increases, in the four series of compounds, as the molecular weight of 
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the alkyl chain inereases. With EF. typhosa, the results are quite different ; 
maximum bactericidal activity in a dilution of 1:8000 is found in Series I with 
a normal alkyl chain of four earbon atoms in length. Further lengthening of 
the chain gives compounds, the solubility of which are limiting faetors in ob- 
taining bactericidal dilutions for EF. typhosa. 

A given number of carbon atoms have more effect, against S. aureus, when 
substituted as a single chain in the R, position (Series 1), than when distributed 
between two chains in the R, and R, positions (Series II and IV). Substituting 
the aliphatic chain in the R, position (Series IIT), forming a branched chain ar 
rangement, also did not produce as great an effeet as when the chain was in the 
R. position. The addition of carbon atoms in the form of a ring, as in 
1,3-di (hydroxyphenyl) 3-phenyl propane, was not as effective as their use in 
a straight chain. 

Branching of the earbon chain, as in 1,3-di (p-hydroxyphenyl) 4-methy! 
pentane, lowered the bactericidal dilution for S. aureus to 1:25000, as compared 
with 1:40000 for the normal compound, 1,38-di (p-hvdroxyphenyl) n-hexane. 

In Series I the killing dilutions obtained for S. aureus were approximately 
the same with isomerie ortho, meta, and para derivatives of the same compound. 

To show that bactericidal activity is due in large part to the free hydroxy! 
groups, the di-methoxy derivative of 1,3-di (p-hydroxyphenyl) n-hexane was 
prepared and tested against S. aureus. The ester showed absolutely no killing 
activity even in saturated solutions; the hydroxy] compound killed the test or 





ganism in a dilution of 1:40000. 
There seems to be no general relationship between the melting point and 
bactericidal activity of the compounds tested. 


DISCUSSION 

It is noted that certain generalizations between bactericidal activity agains! 
S. aureus and chemical structure, which have been found to hold in the ease of 
other series of phenol derivatives, can also be applied to the series of di-(h) 
droxyphenyl) alkanes studied. These may be briefly summarized as follows: 

1. Increasing the length of the aliphatic chain attached to a hydroxypheny! 
ring results in increased bactericidal activity. A given number of carbon atoms 
has more effect in a single chain than when distributed between two or more 
chains. 

2. Branching of the aliphatic chain lowers the activity below that of thi 
normal straight chain compound. 

3. The position of the hydroxyl group on the ring does not materially i 
fluence bactericidal activity in unsubstituted isomeric compounds. 

The ‘‘quasi-specific’’ character of the compounds tested is evident. Thi 
susceptibility of EZ. typhosa reaches a maximum with an alkyl chain containing 
four carbon atoms. On the other hand, the homologues of higher molecular 
weight, up to an alkyl chain containing nine carbon atoms, are quite effectiv 
against S. aureus. This effect has been reported for other phenol derivatives 


by Klarman and co-workers.” 
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It is interesting to note that the series of compounds tested have other 
physiologic properties in so far as they are able to bring about estrogenic re- 
sponses.” 


SUMMARY 


Twenty-three di-(hydroxyphenyl) alkanes have been tested for bactericidal 
activity. In general, they exhibit increased killing action, in vitro against 
S. aureus, with inereasing length of the alkyl chain. The susceptibility of F. 
typhosa is at a maximum with the n-butyl derivative. Generalizations which 
have been applied to other series of phenols, regarding the relation of bae 
tericidal activity to chemical structure, are found to be valid for the series of 
compounds tested. 


Grateful acknowledgement is made of the advice and encouragement given by Dr. R. C 
Tallman, Director of Research, in this problem and also for supplying the compounds tested. 
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A STUDY OF OILS USED FOR INTRAMUSCULAR INJECTIONS* 


A Srupy or THE PHysIcAL, CHEMICAL, AND BroLocic FAcToRS 


Witus E. Brown, M.D., Vioter M. Wiper, PH.D., AND 
PAULINE ScHowartz, A.B., OMAHA, NEB. 


LL. physicians active in the clinical practice of medicine find it convenient 
to administer drugs in oil by intramuscular injection. With the increas- 
ing use of water-insoluble drugs, this route of administration is becoming more 
frequent. While it is true that most of the oils placed on the market at the 
present time are fairly satisfactory, all of us sooner or later find patients who 
react unhappily to some of them. Because of such an experience in our own 
clinic, we undertook to investigate the factors which should guide a physician in 
his selection of the oil vehicle for such medication. 
The ideal oil should meet the following requirements : 
Chemically it should be a stable oil, neutral in reaction, i.e., containing no 
excess acid. It should not react with the medication to form toxie degradation 





products. 

Biologically it should be inert and nonirritating. This oil should be essen- 
tially free of antigenic properties and be rapidly absorbed from living tissue 
leaving no residue. 

Physically it should be a good solvent or dispersing medium. It should not 
he too viscid to pass readily through the needle. The extremes of temperature 
encountered in sterilization (200° F.) and freezing (—10° to —20° F. of doctor’s 
car in winter) should not materially alter any of the above features. 

In searching through the literature, very little information is available re- 
garding these data on the oils in common clinical use. Most of the articles con- 
cern themselves with specific examples of allergic reaction or hypersensitivity to 
some particular oil. While these eases are not too uncommon, they are a spe- 
cialized group of reactions and were not considered in this study. 

Emery et al.1 working with rats studied the absorption of stilbestrol and 
theelin from intramuscularly injected sesame, peanut, eastor, and olive oils. 
They found oil retention cysts in these rats ranging in size from microscopic 
to 1 or 2 mm. in size. Emery et al. found that oils differed somewhat in the 
cyst formation which they incited, and these authors recorded the following 
order of inereasing tissue reaction: peanut, olive, sesame, and eastor. 

Deanesly and Parkes* studied the absorption of oil following subeutaneous 
injection. They report that in rats and mice, olive oil is absorbed most rapidly, 
that sesame and castor oil are absorbed with increasing difficulty, and that castor 


Med *From the Department of Obstetrics and Gynecology, University of Nebraska College of 
Medicine. 

Received for publication, Aug. 13, 1943. 

This study was carried on by a grant from Smith Dorsey Company, Lincoln, Nebr., who 
prepared and made available the oils used in this study. 
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oil remains in tissue almost indefinitely. Chart 1, modified from these authors, 
graphically presents their data. 

These two reports suggest that castor oil produces the most marked reaction 
and persists longer than other oils and that olive and sesame oils are the better 
oils for clinieal use. 

Dr. EK. A. Sharp® has made available to us, through personal communication, 
the results of observations on the inflammatory reaction produced by the intra- 
muscular injection of olive, sesame, and peanut oils. Chart 2 is prepared from 
such data and shows that olive and sesame oils produced the least inflammatory 
changes in muscle tissue and were the most readily absorbed. Peanut oil pro- 


duced the most marked inflammatory change. 




















100 
e 
™ a 
w 75 T |" 
@ 
a 
e) 
o ou 8 
a+ ee & 4 ° 
< 
bh 
e) 
Zz 2ST ° » 8 
~~ 
° > - 
5 15 25 30 5( 


TIME IN DAYS 


Chart 1.—The absorption of oil from subcutaneous injection. Arranged from data pub 
lished by Deanesly and Parkes.* 
Olive oil o Sesame oil X Castor oil @ 





METHOD 


Because of the scarcity of material in the medical literature on this subject, 
we set up a project designed to assist us in the selection of the best oil for intra 
muscular injection. Four commonly used oils (corn, cotton seed, sesame seed, 
and peanut) were selected for study. Samples of these oils and their chemica! 
and physical properties were made available to us through the courtesy of D1 
F. S. Bukey. 

The antigenic properties were investigated in the following manner. Twent) 
patients received at weekly intervals two injections of each of the four oils to 
be considered. Approximately two months later these patients were tested b) 
the patch and intracutaneous test techniques according to standard specifica 
tions.* 


The biologic reaction was investigated by injecting oils intramuscularly int 
the large extremity muscle of experimental animals (rats and rabbits). Ever 
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possible care was taken during the injection of the oil to obtain satisfactory 
antisepsis and to deliver as nearly as possible pure sterile oil. Injections were 
made at right angles to the surface, as near the center of the muscle as possible, 
and the area was gently massaged. These animals were sacrificed at varying 
time intervals of from one to nineteen days. The muscle was dissected free 
and fixed in 10 per cent formalin. The tissue was then cut, and frozen sections 
were prepared for fat stain with scharlach R. The balanee of the muscle was 
then run through dehydrating alcohols, xvlol, into paraffin sections and stained 


with hematoxylin and eosin. 
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Chart 2.—Inflammation induced in muscle by injected oil. Arranged from data fur- 
hed by Dr. Sharp.’ 


Olive oil o Sesame oil X Peanut oil @ 


RESULTS 


In Tables I, Il, and IIL will be found a summary of the data observed. 
The chemical and physical properties of these oils are shown in Table I. Corn 
oil showed slightly less viscosity than the other oils at room temperature but was 
definitely less viscid at 8° C. Corn oil remains fluid down to temperatures of 

10° to -15° C. (solidification point). This becomes significant for physicians 
who earry their bags in their cars in the winter time. All of the oils tolerated 
sterilization temperatures satisfactorily, smoking temperatures being above steril- 
ization temperatures in all eases. The acids found in these oils are the result 
0! hydrolysis. There is considerable variation of the acid value in different 
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samples of each oil. Apparently the source and handling of the material are 
more important than the type of oil when this factor is considered. Several 
pharmaceutical laboratories have added chemical agents as preservatives, either 
as bacteriostatics or antioxidants. Some of these agents have proved quite irri- 
tating clinically. Hydroquinone was found as an antioxidant in one manutac- 
turer’s product. This was effective in preventing the deterioration of the active 
ingredient, but proved very irritating clinically in some cases, especially if a 


small amount of oil was deposited subcutaneously. 


TABLE I 


THE PHYSICAL AND CHEMICAL PROPERTIES OF THE OILS TESTED 


COTTON SEED SESAME SEED CORN PEANUT 
‘SMOKING TEMPERATURE’? 935 ZizZ 243 29) 
| 
Solidification 12° to -15 $° to —16 10° to —20 3 
Point (C. 
Specific Viscosity » 4s Saas OF odo 31.8 29,7 35.5 
Oil /Water 
( 82.7 71.6 63.9 Semisolid 
Acid Value 7.0 00 dsc 3.0 to 1.4 2.5 0.12 to 0.3 


*One sample had an acid value of 21.6 


TABLE II 


PATIENTS GIVEN Two SENSITIZING INJECTIONS OF A POOLED SAMPLE OF ALL Four OILS A 
ONE WEEK INTERVAL. SIX TO Eigut WEEKS LATER THEY WERE TESTED FOR SENSITIVITY BY 
PATCH AND INTRACUTANEOUS INJECTION OF EACH OIL, AND THE REACTION READ AT 24°, 48°, 

AND 72 


PATIENT COTTON SEED CORN SESAME SEED PEANUT 
—.) 


24° 48° (2 24° 485° (2 24° 48° 72 24° 48° 72 


*On fifth day (120 hrs.) there was erythema about all sites of injection. 


Of the twenty patients studied for the antigenic effect of these oils, three 
complained of pain on the second sensitizing injection; the others offered no 
complaint. Patch and intracutaneous tests were completed on eleven patients 
and the results are found in Table II. Reactions in general were uncommon 
Definite conclusions cannot be drawn from this small series, but it would appea 
that sesame and corn oil are less antigenic than the cotton seed and peanut oils. 

On studying the tissues microscopically, we observed a typical trend o 
reactions. Within twenty-four hours there was a moderate increase in round 
cells and the oil seemed to be diffusely seattered through the muscles. It had 


*No attempt is made to study the mechanism of this sensitization. It has been suggest 
ed that it results from small amounts of protein in the oil. 
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I L. ( 
Pig. 4 
Fig. 1.—Peanut oil reaction seen at 24 low power. 
Fig. 2 Corn oil reaction seen at five days—low power 
Fig. 3 Fat stain—peanut oil 4 days—low power. 
Fig. 44, Sesame oil at ten days, low power. 


Bb, Peanut oil at ten days, low power. 
C, ibid., high power. 
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TABLE III 
THE Microscopic Stupy OF TISSUE REACTION TO INTRAMUSCULARLY INJECTED OIL 


RABBIT 


DAY COTTON SEED SESAME SEED CORN PEANUT 

l Many leucocytes. OiljOil in cysts and Oil in cysts. Very Oil in cysts. Many 
along fascial planes.|} along fascial) few leucocytes! leucocytes. 

(No cysts in spec.)| planes. Very few) about cysts. 
leucocytes, 

t Oil along = fascial ss Oil in cysts. NojSome of cyst walls 
plane and in cysts. leucocytes. very thick. Mod. 
Leucocytes about leucocy tes, 
some of the cysts. 

1] Oil cysts. Moderately Thin-walled cysts. |Very thin-walled oil|/Some of cyst walls 
thick walls. No leu cysts, No leuco very thick. Many 
cocytes. evtes, leucocytes. 

14 Thick-walled eysts. Very thin-walled oil|/Some of cyst walls 
No leucocytes. cysts. No leuco-| very thick. No 

evtes, leucocytes, 
RAT 

] Oil beginning to be Very few leuco Very few leucocytes. Man \ leucocytes, 
encysted, Few leu cytes. Oil dis Oil dispersed, edema. Oil dis 
cocytes. persed, persed. 

| Mod. encystment./Oil encysted. Thin Clear cysts with|Part of oil encysted. 
Wall mod. thick.) walls. Few leuco-| very thin walls.| Heavy — leucocytes 
Some leucocytes. cytes. No edema. Few leucocytes. and edema. Some 


muscle necrosis. 
Wall surrounded 


ly leucocytes. 


10 Eneysted oil. Mod.\Cyst wall mod./Thin-walled ey sts.j/Oil eysts persist 
thick wall. Few leu-| thick. Mod. leueo-| Leueocytes nearly} with heavy leuco- 
cocyvtes, evtie reaction. gone. Slight reac cytes and edema. 

tion. 

14 Oil cysts persist and Small thin-walled|Cysts smaller. Leu-|Similar to above. 
leucocytes mod, oilevsts. Very few cocytes gone, Cyst Sl. less leucocytic 

leucocytes, walls very thin. reaction. 

19 Oil eysts persist with/Thin-walled e \ sts.|No leucocytes. Few a“ 
mod. thiek  wall.| Mild leucocytes. fibroblasts in cyst 
Few leucocytes. wall. 

Severity of “ 9 1 4+ 


reaction 


a tendeney to accumulate along fascial sheaths, but was also distributed between 
muscle bundles. (Fig. 1). In two or three days the oil tended to accumulate 
into small droplets, and around these droplets appeared a layer of fibrin with 
a large epithelioid type of cell. The accumulation of leucocytes and wandering 
cells was peripheral to this oil eyst (Fig. 2). Fig. 3 is of tissue prepared for 
the demonstration of fat and is stained with scharlach R; this demonstrates that 
these spaces are actually oil cysts. The leucoeytie reaction reached a peak be- 
tween days 3 and 6 and then tended to subside slowly. The rate and intensity 
of these changes varied in the different oils. In Table IIT are recorded our 
observations. Based on these factors we have attempted to grade the tissue 
reaction to these oils. In general, all of the oils formed many microscopic cysts 
throughout the involved musele. As noted in this chart, there is a qualitative 
and quantitative difference in response. Fig. 4 compares the microscopic picture 
0! corn oil and peanut oil as seen at ten days. 

In general, corn and sesame oil produced the least amount of reaction, as 
judged by the amount of fibrin deposited, and leucocytie infiltration for the 
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shortest period of time. The persistence of oil eVvsts could not be determined 
from this short period of observation; they did, however, seem to be smaller in 
corn and sesame oil animals. Peanut oil produced the most marked reaction; 
and eotton seed oil was in between these, showing somewhat greater variation 
from animal to animal. 

CONCLUSION 


1. The criteria for selecting an ideal oil for intramuscular injection hav 
been suggested. These inelude physical, chemical, and biologic specifications. 
Using these criteria, corn, peanut, sesame seed, and cotton seed oils wer 
studied. 

2. The phy sical and chemical properties of these oils as they apply to then 
use in medicine have been reviewed and evaluated. 

3. The antigenic properties of these oils were tested: sesame seed and corn 
oil did not produce sensitivity by this technique, while cotton seed and peanut 
oil produced reactions. 

4. The reaction of muscle to these oils was studied, and the following factors 
have been used in evaluating the intensity of this reaction: (a) aecumulation 
of leueoeytes, (b) formation of oil evsts, and (¢) disposition of fibrin. 

5. By these eriteria sesame and corn oil are superior to peanut and cotton 


seed oil for intramuscular injection, for they are: (a) more suitable physieally 


and chemically for this purpose, (b) more quickly absorbed from tissue, (¢ 
less antigenic, and (d) less irritating to tissue. 


We wish to express our appreciation to Dr. J. P. Tollman, Professor of Clinical Pathol 
ogy, who assisted in evaluating the tissue reaction. 


REFERENCES 


l. Hmery, FF. E., Mathews, C. S., and Schwabe, E. L.: Absorption of Stilbestrol and Theeli: 
From Cysts of Sesame and Peanut Oils, J. LAs. & CLIN. MED. 27: 622-627, 1942. 
2. Deanesly, R., and Parkes, A. S.: Note on Subcutaneous Absorption of Oils by Rats and 
Mice, With Special Reference to Assay of Oestrin, J. Physiol. 78: 155-160, 1933. 
Sharp, E. A.: Parke-Davis Laboratory, Detroit, Mich. Versonal Communication. 
1. Becker, S. W., and Obermeyer, M. E.: Modern Dermatology and Syphilology, Philadelphia, 
1941, J. B. Lippincott, pp. A po 











BARBITURATE INTOXICATION AND PICROTOXIN TREATMENT 
PRESENTATION OF A CASE 


BENNETT W. Brutow, M.D., New York, N. Y. 


— lack of complete information, reports on barbiturate poisoning 
indicate that it is a problem of important magnitude. Hambourger,’ at 
the request of the Council on Pharmaey and Chemistry of the American Med- 
ical Association, has made a study of the promiscuous use of the barbiturates. 
He concluded : 

1. More than 1,200,000,000 grains of barbituric acid derivatives were sold 
in the U.S.A. in 1936. 

2. The number of suicidal deaths by the barbiturates in the U.S.A. in 
1936 was 300. 

3. The number of suicides by barbiturates has shown a definite upward 
trend during the past decade. 

Statistical reports of the Medical Examiner’s Office of the City of New 
York revealed the number of suicides by barbiturates, accidental and unde- 
termined, in the City of New York alone, to be 32 cases for the year 1937; 42 
cases for the year 1939; 48 cases for the year 1940; and 60 cases for the year 
1941. Accurate statistics as to the number of persons poisoned who did not die 
are not available, as physicians do not report those cases. 

Perusal of foreign literature reveals that the use of barbiturates is as com- 
mon abroad as in the U.S.A.2. Thus the widespread use of barbiturates by the 
layman has inevitably led to many instances of accidental overdosage or suicidal 
poisoning. It is therefore imperative that the general practitioner, as he is the 
one who is first called, be familiar with the symptoms of acute intoxications, as 
well as cognizant of a suitable and energetie antidote. 

The symptoms of barbiturate poisoning vary with the amount of drug 
taken. When absorption is gradual, confusion, ataxia, difficulty in swallowing, 
vomiting, and motor excitement occur. Diagnosis is apt to be difficult. Any 
patient found in deep coma, with shallow rapid respiration, fixed miotie pupils, 
corneal reflexes abolished, absent reflexes, thready pulse, and low blood pres- 
sure, should suggest the possibility of barbiturate poisoning. HKnergetie therapy 
is essential: the aim of the treatment is to combat the action of the drug by 
antagonistic drugs and supportive therapy. Table I contains approximate fatal 
doses for the commoner barbiturates.* 

Picrotoxin is the active principle of several plants, notably Anamirta 
paniculata or ‘‘fish berries.’’* Its use as an antidote in barbiturate intoxica- 
tions was first suggested by Maloney, Fitch, and Tatum‘ on the basis of ani- 
ma! experiments. Picrotoxin gained the attention of the clinicians as a result 
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of the pioneer work and studies of Maloney and his associates,® and Linegar 
and his co-workers.° Murphy et al.’ reported the first clinical attempt to ad- 
minister picrotoxin in adequate doses in acute barbiturate poisoning. A num.- 


ber of clinical cases*-!* have been reported which seem to substantiate the ani- 
mal evidence that picrotoxin is an effective physiologic antidote for barbituric 
acid intoxications in human beings. 

Picrotoxin stimulates the medullary centers and cortical centers. The 
respiratory and vasomotor centers and the autonomie centers are also stimu 
lated. There is a hyperactivity of the skeletal muscles and some myoclonic 
movements. In toxie doses, it causes nausea, vomiting, cold sweat, diarrhea, 
slow pulse, clonie convulsions, and paralysis. Picrotoxin, injected intraven- 
ously, disappears rapidly from the blood and could not be demonstrated there 
or in the liver or muscles after two hours.’* 

It has a narrow margin of safety. However, clinical evidence indicates 
that in barbiturate poisoning much higher doses may be used. It should be 
administered by divided doses. The amount and interval should depend upon 
the response of the patient. The immediate object is to maintain adequate 
respiratory and circulatory function by the stimulant. Bleckwenn et al.?* in a 
series of clinical observations found approximately one mg. of picrotoxin was 
an antidote for approximately 30 to 40 mg. of pentobarbital sodium. 


TABLE I 


SEVERE INTOXICATION, BUT GEN 


COMPOUND psi cai GENERALLY FATAL 
ERALLY WITH RECOVERY 
Allonal 10 Gm. More than 15 Gm. 
Amytal 15 to 2 Gm. 2 to 3 Gm. 
Barbital 8 to 10 Gm. 5 to more than 20 Gm. 
Dial 2 to 2.5 Gm. More than 2.5 Gm, 
Nembutal (Pentobarbital More than 1 Gm. More than 2 Gm. 
Sodium ) 
Pernocton 0.5 to 1 Gm. More than 1 Gm. 
Phanodorm 1.2 Gm. More than 10 Gm. 
Phenobarbital 4 


to 7 Gm. 6 to 9 Gm. 


It is the purpose of this communication to report a case of pentobarbital 
sodium (nembutal) intoxication treated by picrotoxin with recovery. The 
patient swallowed 3 grams of the drug which is considered a lethal dose. 


CASE REPORT 

The patient, a 24-year-old nurse, was first seen in deep coma at 8 P.M. on May 13, 1945. 
Her color was dusky, pupils miotic and nonreacting. All her reflexes, including the corneal, 
were absent. Her heart rate was rapid and sounds were of feeble quality; the pulse small, 
rapid, and thready, rate 124 per minute; the blood pressure 90/50. The respiratory rate was 
30 per minute, labored but not stertorous; temperature 96.4° F. 

The family revealed she had threatened suicide. Later, on recovery, patient verified 
that she had swallowed three grams of nembutal at about 4 or 5 p.m. that afternoon. 

May 138, 1943, Treatment Administered: 

(a) The immediate treatment: 


1. Intravenous injection of 1.5 ¢.c. size coramine ampules every fifteen minutes 


for six doses, followed by 
. Six intramuscular injections of metrazol ampules (1 ¢.c.) at half-hour intervals. 
Gastric lavage 


9 
2 
oO. 
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4. Body heat applied 
5. Change of patient’s position with removal of tracheal secretion. 
The results with the therapy were negative, and the patient’s condition remained critical. 
It was felt that we were dealing with a severe case of deep barbiturate poisoning, and 
therefore treatment with picrotoxin was instituted at 1 A.M., i.e., about five hours after first 
seeing the patient. 
(b) Picrotozin Therapy: 
May 14, 1943, 1 A.M.: 2 ¢.c. of a 0.3 per cent (6 mg.) solution of picrotoxin was given 


intravenously. 


1:15 A.M.: 2. of 0.3 per cent (6 mg.) solution of picrotoxin was given intravenously. 
1:30 A.M.: 1 ¢.c. of 0.8 per cent (3 mg.) solution of picrotoxin was given intravenously. 
1:45 A.M.: 1 ¢.c. of 0.3 per cent (3 mg.) solution of picrotoxin was given intravenously. 


2 A.M.: 1 ee. of 0.3 per cent (3 mg.) solution of picrotoxin was given intravenously. 

The patient at this time began to manifest restlessness, winced when her skin was 
pinched hard, and dribbled her urine. Temperature rose to 98.2; pulse rate diminished to 
110; blood pressure 100/60; respiratory rate was 24. 

Picrotoxin was continued at half-hour intervals. During this time other adjuvant 
measures, such as (1) continued body heat, (2) maintenance of open airway; and (3) chang- 
ing of patient’s position, were constantly carried out. 

May 14, 1945, 6 A.M.: Corneal reflexes returned; there were twitchings of the tongue 
and lips. Heart sounds improved, the pulse rate was 100 and of good quality. The lungs 
were clear; lips were dry but less cyanotic. Injections with picrotoxin were continued at 
1 «.c. doses intramuscularly at 45-minute intervals. 

7 A.M.: Temperature began to rise and reached 100.6; pulse rate increased to 120, 
but was of good quality; and the respiration was 29. Lungs were clear. It was felt that 
the patient’s temperature was due to dehydration. 

S A.M.: Temperature was 101.2; pulse rate, 138; and the respiratory rate, 28. 

Patient showed increasing restlessness; blood pressure rose to 120/70; heart sounds 
were of good quality; and picrotoxin was continued intramuscularly at 45-minute intervals 
in 1 ee, doses, Pupils reacted to light and were of normal shape. 

9 A.M.: 2000 ec. of 5 per cent glucose in saline intravenous clysis, high colonic 
irrigation, followed by retention enema of warm coffee. 

11 A.M. to 2 p.M.: Reflexes returned and coma seemed less severe. 

1, Continued 1 ¢.c. of picrotoxin intravenously at 45-minute intervals. 

2. Continued intravenous drip at the rate of 30 drops per minute. 

2 P.M.: Patient vomited green mucus, followed by loose bowel movement; tempera- 
ture fell to 100.6, pulse rate was 100, and the respiration rate was 20. Patient grunted 
and moved when pricked. 

At this time it was decided to stop picrotoxin injections with the view of ascertaining 
whether recovery would continue without analeptic medication. Caffeine-sodio-benzoate 
ampules, 0.6 grams intramuscularly, was substituted at half-hour intervals. 

4:30 P.mM.: <A definite depression was noted, patient became quite immobile, respira- 
tion labored, and the pulse rate rose to 119; the temperature became normal, 98.6. 

One ¢.c. intravenous injection of picrotoxin was resumed at 15-minute intervals for 
two doses. Remission was immediate, twitchings were noted; there was spontaneous bowel 
evacuation with vomiting of bile. 

5 P.M., May 14, 1943, to 4 A.M., May 15, 1943: Picrotoxin continued intramuscularly 
at 45-minute intervals. 

May 15, 1948, 4 A.M.: Patient showed convulsive movement of head, and legs began 
rolling from side to side. Picrotoxin was stopped. 

4 AM. to 5:45 A.M.: No medication. Patient quiet, physical condition good. 

5:45 A.M,: Picrotoxin given intramuscularly at 1 hour intervals for two doses. 

Patient became active, kicking covers off body, lifting head, waving arms and grunting. 

8 A.M.: Patient began to cry, continued to kick} and roll in bed. Stopped picrotoxin 
therapy. Color good, pulse and heart rate of good quality, rate 90 per minute. 
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9 A.M.: Patient uttered indistinct sounds; enunciation slow; speech thickened, unin 
telligible; crying; still unconscious. No medication. 

12 M.: Intervals of lucidity and crying spells; quiet sleep; restless muttering; 
sounds more distinct: speech less slurred. 


4 P.M.: Patient perfectly lucid, fully recovered except for weakness. 


COMMENT 


In the case presented certain facts emerge and are worthy of comment. 
The physical signs indicated severe poisoning from barbiturates. The amount 
of drug taken was within the range considered fatal. Although high doses of 
metrazol and coramine were employed in the beginning of therapy, the results 
were negative. The intravenous use of picrotoxin (21 mg.) in one hour elicited 
a marked awakening phenomenon. After thirteen hours of continuous picro 
toxin therapy, with definite improvement in the patient’s condition, it was de 
cided to stop analeptiec therapy. The patient was examined two and a_ halt 
hours later, and definite depression was noted, the pulse rate increased, respira 
tion beeame labored, ete. Renewal of intravenous injections of picrotoxin 
brought about immediate remission. 

The Couneil on Pharmacy and Chemistry’ stated the following : 

“The cautious use of picrotoxin in barbiturate poisoning would therefore 
seem justifiable in cases which ean be carefully studied with the view that they 
may supply sufficient accurate data for whieh the proper place of picrotoxin as 
an antidote may be established.’’ 

No pretense is made to recommend picrotoxin as the sole antidote in bar- 
biturate poisonings. Mild cases of barbiturate poisoning need not be treated 
with picrotoxin. There are accumulated sufficient experimental and pharmo- 
ecologic evidences te establish picrotoxin as an active antidote for patients pro- 
foundly depressed by barbiturate poisoning. The present case and a number 
of clinical eases whieh have been reported seem to substantiate the experimental 
animal evidence. 

SUMMARY AND CONCLUSIONS 


1. Statistics reveal a widespread increase in the use of barbiturie acid 
derivatives and a resultant rise in the number of poisonings, intentional or 
accidental. 

2. The diagnosis of barbiturate poisoning is difficult; the symptoms are 
manifold. The presence of coma with shallow rapid respiration, contracted 
pupils, absent or diminished reflexes, and feeble and rapid pulse should raise 
the possibility of barbiturate poisoning. 

3. A ease of pentobarbital sodium poisoning is reported. The patient was 
treated by injections of picrotoxin. She received 135 mg. of the drug. The 
patient recovered after swallowing 3 grams of the drug, considered within the 
range of a lethal dose. 

4. Metrazol and coramine were employed in the beginning of therapy, but 
there were no clinical signs of improvement until picrotoxin was administered. 


5. It may not be amiss to mention that in this instance picrotoxin could 


not be purchased, although practically every pharmacy in the neighborhood was 
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called. The drug had to be borrowed from a hospital. It is therefore sug- 


vested, in view of increasing barbiturate use in our country, that picrotoxin be 


stored by drugeists. 
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COLD HEMAGGLUTINATION REACTIONS IN TUBERCULOSIS* 
RoBert S. Srerert, M.D... AND BensamiIn KrauTMAN, BRooKLyN, N. Y. 


HE diagnosis of primary atypical pneumonia of unknown etiology is fre- 

quently difficult and uncertain. The signs, symptoms, clinieal course, and 
X-rays may vary from case to case, and from season to season. Recently Peter 
son, Ham, and Finland’ suggested the possibility that the presence of cold auto 
hemageglutinins might serve as a diagnostic aid in some forms of the disease. 
However, more extensive research is indicated to establish whether a titer 
exists above which the sera of patients with atypical virus pneumonia would 
invariably agglutinate their own cells, and below which no other serum would 





demonstrate the same phenomenon. 

Horstmann and Tatlock® investigated the problem still further and em- 
ployed isohemagglutination methods, using washed type ‘‘O”’ cells. They 
reported a high incidence of cold isoagglutinins of significant titer in the serum 
of patients with atypical pneumonia. Their control patients were invariably 
negative for cold agglutinins. 

The present investigation is an attempt to discover the degree of specificity 
of cold autoagglutinins and isoagglutinins in random control hospital and 
clinical patients, as well as to study these reactions in patients with early and 
late tuberculosis. The latter group was chosen because it not only represented 
another form of pneumonitis, but a form which, in its early stages, conceivably 
might be confused with atypical pneumonia. 

Eighty-two proved cases of tuberculosis were studied. Thirty-three were 
at the time untreated patients admitted to the tuberculosis wards. Forty-nine 
were ambulatory, receiving pneumothorax treatment in the outpatient clinic. 
The ward cases consisted of fourteen with symptoms of six months’ duration 
or less, considered early cases, and nineteen with symptoms of more than six 
months’ duration, considered chronie cases. Six of the former group had 
symptoms of less than one month duration or no symptoms at all. <A eontrol 
eroup of eighteen patients from an acute medical ward and twenty-four pa- 
tients chosen at random from the outpatient clinic were included. 


METHOD FOR COLD ISOAGGLUTINATION TEST 


1. Preparation of Washed Type ‘*O”’ Cells —A sample of six ¢.c. of fresh 
cells from a Blood Bank Flask from which the plasma had been siphoned or 
ten ¢.c. of blood from a type ‘‘O’’ donor mixed with 1 ¢.e. of 2.5 per cent 
sodium citrate was used. It was centrifuged at 1,500 revolutions per minute 
for five minutes. The supernatant fluid and layer of white cells were removed 
by siphon. Twenty-five ¢.c. of sterile normal saline (0.85 per cent) were added 
and the mixture was centrifuged again for five minutes. This was repeated 
three times. If hemolysis occurred, the sample was discarded. The cells were 
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packed down well, and a 2 per cent suspension was made by diluting 2 ¢.c. of 
the washed cells to 100 ¢.¢. of sterile normal saline solution. The unwashed 
cells keep for about three days in the refrigerator. The cell suspension must 
be kept in a refrigerator and may be used until hemolysis oceurs. 

2. Procedure for Cold Isoagglutination Test—One c¢.c. of the patient’s clear 
unhemolyzed serum was placed in a test tube containing 3 ¢.e. of normal saline 
and mixed. One ¢.e. of the diluted serum (1:4) was transferred to a small 
test tube, and 0.1 ¢.e. of the freshly prepared 2 per cent suspension of human 
cells was added. The tube was then placed in an ice bath kept in a refrigera- 
tor at 1 to 4° CC. Readines were taken in six to twelve hours, and the tubes 
were kept in the ice bath until ready to read. The above procedure was re- 
peated with 1 ¢.¢, of 1:160 and with higher dilutions of the serum. The results 
were reported as follows : 

A. Negative: If on inverting the tube three times, a homogeneous 
suspension of cells is present. 

B. Doubtful: Tf on inverting the tube three times, very fine par- 
ticles are present, but disappear within thirty seconds to give a sus- 
pension similar to A, 

C. Positive: If on inverting as above, there are present many fine 
persistent particles (1+) to a blood dise which is loosened from the 
bottom of the tube and which breaks into large coarse particles (4+). 


In order to confirm that the positive reactions were typical eold agglu- 
tinins, the tubes were allowed to remain at room temperature for an hour or 
until the agglutinations disappeared. The tubes were replaced in an iee bath in 
the refrigerator for from two to six hours. The agelutinations always reap- 
peared. 

PROCEDURE FOR COLD AUTOAGGLUTINATION TEST 

One e.e. of clear unhemolyzed serum to be tested was placed in a small 
tube. The tube containing the clot was inverted several times and 0.05 ¢.e. of 
the suspension of the patient’s cells was added te the serum tube. The tubes 
were placed in an ice bath as described under isoagglutination, and the re- 


sults were read in the same way. 


COMMENT 


In no instance was a positive isoagglutination obtained in a titer of 1:160 
or over. One patient in the early tuberculosis group showed a positive test, 
but no patients with symptoms of one month or less demonstrated a positive 
reaction. In the control group of ward patients the diagnoses of those react- 
ing positively were hypertensive cardiovascular disease, undiagnosed gastro- 
intestinal disease, and nonspecific colitis. No history of virus pneumonia or 
tubereulosis was obtained from any of these patients. No positive tests were 
found in the outpatient elinie control group. 


RESULTS 


The results are reported in Table I. 
The present series is not large enough to draw final conclusions concerning 
the relative correlation of cold autoagglutinins and isoagglutinins with early 
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and late cases of tuberculosis. It is interesting that no high titers were found 
in this series, but it is impossible to state with certainty as yet that high titers 
do not exist in some stage of the tuberculosis disease process. If further in 
vestigation of large numbers of patients reveals that those with pneumonitis 
other than atypical pneumonia invariably fail to develop cold agglutinins of 
high titer, the test will prove to be of great value in the differential diagnosis 
of virus pneumonia. 
TABLE I* 


: POSITIVE ISOAGGLUTININS 7 ; 
PATIENTS SEX NUMBER POSITIVE AUTOAGGLUTININS 


(1:4 DILUTION) 
NUMBER PER CENT NUMBER PER CEN’ 
T.B. Wards M 93 6 26 12 52 
i" 10 3 30 6 60 
M+F 33 9 27 1S 55 ’ 
T.B. Clinie M 26 3 12 9 38 
i 23 a 22 14 61 
M+F 19 8 16 93 47 
Control 
Clinie M+F 24 0 0 2 8 
Ward i LS 3 17 5 28 
Total M+F 42 3 ‘ 7 17 


*The tuberculosis Cases were studied through the courtesy of Dr. C. E, Hamilton, Director 
ot the Tuberculosis Services at Kings County Hospital. 





It was also noted that not only did autoagglutinins occur more frequently 
in all groups than did isoagglutinins, but that there was a definitely larger 
number of positive autoagglutinin tests obtained in the tuberculosis groups 
than in the control group. More extensive work is indicated to discover whether 
there is any clinical significance to this observation, or whether this is merely 
an example of the rather nonspecific nature of cold autohemagglutinins. 


CONCLUSIONS 


Cold isohemagglutination and autohemagglutination tests were pertormed 
on a series of tuberculosis patients. In none of those showing a positive cold 
isoagelutination reaction was a high titer noted. This suggests that the cold iso 
agglutination test previously reported? may be of value in the differential 
diagnosis of some forms of early tuberculosis from atypical pneumonia. Since 
positive reactions were found in low titer in tuberculosis patients as well as 
in three control patients it should be emphasized that in order that a test be 
considered positive for atypical pneumonia, the cold agglutinins must be pres- 
ent in high titer. 
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PURPURIC LESIONS IN MENINGOCOCCIC INFECTIONS* 
DIAGNOSIS I’ROM SMEARS AND CULTURES OF THE PURPURIC LESIONS 


Mas. WituiaAmM G. BERNHARD, M. C., A. U. S., AND 
Capt, ARTHUR C. JORDAN, SN. C., A. U.S. 


HE laboratory diagnosis of meningoecoccus infections has assumed added 

importance due to the congestion of populations in industrial and camp 
areas during the war emergency. We have had the opportunity to study a 
series Of 182 eases at the Station Hospital, and the purpose of this report is to 
record our experiences in culturing the spinal fluid and blood of these patients 
and to show the value of smears and cultures from the purpuri¢ lesions as an 
aid in early diagnosis of meningococcus bacteremia. 

After considerable experimentation, we developed an efficient culture 
medium which has enabled us to obtain consistently profuse cultures of the 
meningococcus after an average incubation period of eighteen hours. In many 
eases colonies have been observed after only ten hours’ incubation. We have 


also used this medium with remarkable success in the culture of the gonococeus. 


DEX TROSE-STARCH-CHOCOLATE-AGAR FOR CULTURE OF MENINGOCOCCI 
14.0 Gm. Bacto dextrose proteose No. 3 agar 
15.8 Gm. Bacto nutrient agar 
3.2 Gm. soluble stareh 
Dissolve above in 1,000 e.c. of water and autoclave. 

Bring the medium to a temperature of 90° C. and 

add 5 per cent of rabbit or human blood. Dispense 

sterilely into 6-inch test tubes and slant. 

As suggested by Zinsser,’ we found that the culturing of fairly large 
quantities of spinal fluid was necessary to obtain satisfactory results. At the 
same time, it was noticed that organisms from less purulent fluids grew more 
readily than those from fluids with very high cell counts. Obviously, too many 
neutrophiles carried over on to the medium inhibited the growth to some extent. 
We therefore made two sets of cultures on purulent fluids. The uncentrifuged 
spinal fluid was inoculated, one ¢.e. into a brain heart infusion broth and 0.5 
ec. onto the starch chocolate agar slant, described above. The remaining portion 
Was centrifuged; the supernatant fluid was poured into a tube of broth and a 
slant was inoculated with the entire sediment. In many eases growth was 
obtained on both sets of cultures, but in several instances colonies developed only 
on the medium inoculated with the unsedimented fluid. Our blood culture 

*From the Laboratory, Station Hospital, Army Air Forces Training Command, Basic 
Training Center No. 7, Atlantic City, N. J. 

The report on the pathologic studies of autopsy material in this series has been written 
by the above authors and will be published under the title ‘Bilateral Adrenal Hemorrhage 
Associated with Fulminating Meningococcal Septicemia (Waterhouse-Friderichsen Syndrome).”’ 
The clinical report is being written by Captains C. M. Dummer and K. L. Cloninger and will 


be published at an early date. 
Received for publication, Sept. 9, 1943. 
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method has been the inoculation of 100 ¢.¢. of brain heart infusion broth with 
10 ¢.¢. of blood, and in a portion of the cases a poured plate was also made, 
using 3 ¢.¢. of blood to an enriched nutrient agar base. To counteract the sulfa 
drug, para-aminobenzoic acid, 50 mg. per liter of media, was added. 

To supply the carbon dioxide requirements of the meningococeus, Thomp 
son? suggests 1 Gm. of sodium bicarbonate and 100 ¢.¢. of 3 per cent sulfuric 
acid for each 2,500 ¢.c. volume of the ineubation jar. In our work we have used 
an ordinary mason jar. After placing the culture tubes in the jar, the chemicals 
are added, and after a few seconds to permit the top gases to eseape, the top is 
clamped on. We did not have the opportunity to try carbon dioxide gas and thi 
Novy or similar jar early in our series. However, it is our belief that the com 
bination of carbon dioxide and moisture is the ideal condition, and we hav 
been reluctant to change the above procedure. 

It seems worth while to mention here the extreme variation in the size of 
the meningococeus as seen on stained smears in this series. Organisms isolated 
from some cases were in the normal range of 1 micron in diameter, but often 
the organisms from a case seen on the same day would measure anywhere from 
1 to 4 microns in diameter. Size variability in a given culture of meningococcus 
has been recognized as a characteristic of the organism, but the tremendous size 
of some organisms isolated from a given case has been a constant surprise to us. 
A large strain seen on direct smear from the spinal fluid has invariably main- 
tained its size on culture, and a like coordination has been seen in eases of the 
smaller strains. 

We have also noticed a wide variation in colony size in different isolations, 
the majority measuring 1 mm. to 2 mm. in diameter. Jlowever, in some in 
stances the colonies have measured more than twice that size, making it diffieult 
to recognize them as meningococeus colonies. No attempt has been made to 
coordinate size of organism with size of colony produced. 

In the 182 eases studied (Table I), we obtained positive cultures in 167 
cases or 91.76 per cent. In four cases, not counted in this series, organisms 
other than the meningococceus were isolated from the spinal fluid. In two of 
these cases the pneumococeus was isolated from both the spinal fluid and the 
blood. In the other two cases, Wicrococcus tetragenus and streptococcus, gamma 
type, were found in the spinal fluid, and cultures of the blood were negative 

We have considered all purulent fluids, showing no organisms in the sedi 
ment, and negative cultures as probable meningococcus fluids and ineluded 
these as missed cases from the laboratory standpoint. Fifteen eases (Table | 
or a total of 8.24 per cent, belong in this group. These patients were charted 
as meningitis of undetermined etiology, but coming during a meningococcus 
epidemic, and due to the fact that other pyogenic organisms with a_ lesser 
tendency to autolyze were not found, it seems reasonable to suppose that the 
meningococeus was probably the causative agent. 

A comparison of the culture results in spinal fluid and blood shows much 
greater success in isolating the organism from the spinal fluid than from tie 
blood, the former being positive in 140 eases while the latter was positive in 
only 85. We ean offer no definite explanations for this, since the two fiuids we! 
drawn within a few minutes of each other in practically all cases. However, 


we do believe that positive blood findings would have been materially increased 
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if repeat cultures at 24-hour intervals could have been made. This procedure 
was not followed routinely because of the fact that a high level of sulfadiazine 
was maintained in these patients. It is interesting to note that percentages of 
positive blood cultures inereased late in the series without change in methods. 
This brings up the question of modes of invasion and whether or not we have 
in some cases a meningitis without a meningococcemia. 
Twenty cases with a variable rash and a leucocytosis are referred to (Table 
[). Spinal taps revealed clear, colorless fluids with no inerease in cells. Other 
constituents, such as globulin and sugar, showed no change, and cultures of 
both the spinal fluid and blood were negative. There is, of course, a possibility 
that some of these eases were meningococcus septicemias. Zinsser! advises a 
serious consideration of the diagnosis of meningococcus septicemia whenever a 
prolonged ease of fever with leucocytosis and a slight variable rash comes under 
observation, but due to an absolute lack of laboratory evidence, we have not in- 
cluded them in this discussion. 
TABLE ] 
SUMMARY OF 182 CASES STUDIED 


CASES WITH POSITIVE LABORATORY FINDINGS 


NO. CASES PER CENT TOTAL 
N. intracellularis 
C.S.F. Pos., Blood Neg. SO 43.96 
C.S.F. Pos., Blood Pos. 60 32.97 
C.S.F. Neg., Blood Pos. 25 340 
C.S.F. Neg., Blood Neg., Petechiae Pos. 2 1.10 
Total 167 91.76 
CASES WITH NEGATIVE LABORATORY FINDINGS 
NO. CASES PER CENT TOTAI 
Clinically meningitis of undetermined etiology 15 8.24 
Total 182 100.00 
Cases with purpura and high WBC, but no other 20 


positive findings (not ineluded in series) 


TABLE II 


CASES WITH CLEAR C.S.F.; POSITIVE oN CULTURI 


NO. CASES | CELL COUNT | APPEARANCE SMEAR SUGAR GLOBULIN CULTURE 
10 0- 5 Clear ss Normal Normal + 
4 6-10 Clear t Normal Normal + 
2 11-15 Clear t Normal Normal 
4 16-20 Clear t Normal Normal 
5 21-50 Clear | | Normal Normal 


*Four cases in this group showed gram-negative extracellular diplococci in the sediment. 
7One case in this group showed gram-negative extracellular diplocoecci in the sediment. 


EARLY MENINGITIS CASES WITH CLEAR SPINAL FLUIDS (TABLE II) 


Of unusual interest to us has been the number of meningitis eases from 
Which elear, colorless spinal fluids with normal cell counts and normal chemical 
constituents were obtained. These fluids gave no sediment on centrifugation, 
and smears made from the small amount of fluid adherent to the walls of the 
tube after draining, when stained, showed only an oceasional leucocyte. In 
seven cases, gram-negative extracellular diplococci were found, and in two 
cases, we were able to demonstrate one or two intracellular organisms, but all 
others resembled perfectly normal fluids. On eulture, all 25 of these cases 
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showed gram-negative diplocoeci which on typing proved to be a true meningo 
eoceus. Elliott® reports such a case with a cell count of 11 polymorphonuclea: 
leucocytes, and other cases have been reported, but this group comprising ap 
proximately 14 per cent of our total meningocoecus cases would seem to indicat 
one of two things: either the lumbar puneture was done very early, before thi 
cellular response to the infection, or there was a temporary sacculation in parts 
of the subarachnoid space. In only three of these cases was a later punetur 
done, and only one of these showed any material elevation in the leucoeyt: 
count. 
THE RAPID DIAGNOSIS OF MENINGOCOCCEMIA FROM SMEARS AND 
CULTURES OF PURPURIC LESIONS 

In 1915, Coles* reported the finding of meningocoeci on smears made from 
peripheral blood. While countine 2.000 leucocytes, ‘*10 were found to contain 
typical meningococeci.’’ His blood films were stained by Giemsa’s method, and 
his conclusion that the organisms observed were meningococei was based solely 
on their morphologic similarity to gonocoeci. In 1916, Netter and Salanier 
demonstrated the presence of meningococei in the purpurie lesions of two cases 
of meningococcus bacteremia, and Benda® was successful in demonstrating th 
organisms in sections made from the purpurie lesions. Benda. however, was 
able to detect them in only one case out of five. Credit must be given to 
Drigalski’ for having been the first to demonstrate meningococei in the herpetic 
vesicles associated with meningococeal infections. In Drigalski’s case, a blister 
like lesion was apparently produced artificially on the ear lobule by rubbing 
with green soap and aleohol and making smears and cultures from the ex 
travasated serum. He suecessfully cultured this material, but failed to obtain 
viable organisms on subeulture. Late in 1916, Netter, Salanier, and Wolfrom* 
found meningococei in smears from purpura in a third case, and in 1917, Netter. 
Salanier, and Blanchier® reported two additional cases. In one, positive smears 
were obtained, and in another they were also successful in obtaining typical 
colonies on cultivation. Muir in 1919 reported two cases of meningococcic in- 
fection with autopsy findings. In both cases smears from petechiae after death 
showed gram-negative intracellular diplococci, and in’ one case he grew 
meningococei from the petechiae and venous blood after death. Reference for 
bibliography: Muir, R. J.: Note on the Presence of Meningococei in the Skin 
Petechiae in Cerebrospinal Fever, J. Royal Army Med. Corps 33: 404, 1919. 

Middleton and Duane’ in 1929 reported an ordinary cover slip smear ot 
peripheral blood revealed a large number of intracellular and extracellular 
diplococei, resembling meningocoeci, and in 1931 MeLean and Caffey'! were able 
to demonstrate meningococci in smears from the purpura in fifteen out otf 
eighteen cases. This report of positive findings in 88 per cent of cases was by far 


the most important work up to that time, and it now seems surprising. that 


more work was not done in subsequent outbreaks. Nine years later Moss and 


Schenken'* observed intracellular diplococei in the granulocytes of ante-mortem 
hlood in one case and demonstrated gram-negative intracellular diplocoeei in the 
direct smears made from purpurie spots post-mortem in a second ease. In 1942, 
Kwedar! reported that gram-negative intracellular diploecoeei were found on 2 


blood smear, which were later proved to be meningococei by blood culture. 
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Montfort and Mehrling’® stated that microscopically the cutaneous — le- 
sions seen in meningocoecic bacteremia are shown to be due to direct in- 
volvement of the capillaries by the causative organism. Thompkins, in 1943, 
reported that positive smears were obtained in 39 of 48 cases (about 80 per 
cent) from purpuric lesions in meningococcie disease. Reference for bibliog- 
raphy: Thompkins, V. N., M. C., A. U. S.: The Diagnostic Value of Smears 
‘rom Purpurie Lesions of the Skin in Meningocoecie Disease, J. A. M. A. 123: 
31, 1943. 

We, like many others, were not appreciative of the tremendous value of 
the stained smear and eulture of blood from the purpurie lesions of meningo- 
coccle septicemia until rather late in our series. 


RESULTS OF SMEARS AND CULTURES FROM PURPURIC LESIONS 

Forty cases are recorded in Table III. Blood culture and spinal fluid exam- 
ination and culture were done simultaneously with the examination of the 
material from the purpuric lesion. 

In Case 1, the patient was extremely ill and already in coma, and because 
earlier we had failed to diagnose a similar case before death, we decided to at- 
tempt cultures and examine stained smears of blood from the petechiae which 
covered the chest and extremities of the patient. After cleansing the purpuric 
area with alcohol, we inserted an ordinary 20 gauge needle at an angle almost 
parallel with the skin surface into the center of the petechial spot, the main 
concern being not to go deeply enough to draw peripheral blood. By gentle 
squeezing, several drops of blood and serum were extravasated, and using a 
sterile platinum loop, cultures and then smears were made of this material. A 
gram stain was made immediately, and the presence of numerous gram-negative 
intracellular diplococci was demonstrated (Fig. 1). At approximately eighteen 
hours, a typical colony growth appeared on the culture medium. On typing, this 
proved to be a true meningococcus, Type I, and identieal with the organism 
later isolated from both the spinal fluid and blood. 

Exeept for one slight change in technique, we have followed the above pro- 
cedure in all patients with a petechial or diffuse macular rash. Noting Salanier’s 
reference to the use of a vaccinostvle to scarify the purpurie patch, we have in 
recent cases, after making the needle puncture, scratched the skin surface over 
the purpurie area until a slight oozing of blood was obtained. Very light pres- 
sure around the area with the fingers produces sufficient material for culture and 
several smears, with less likelihood of obtaining peripheral blood. We feel that 


best results have been had with the petechial type of rash, but positive cultures 


have been obtained from the diffuse type. 

Table III (column 1) shows that in 27 cases we were able to find typical 
gram-negative intracellular diplococe: on the smears, thereby permitting a tenta- 
tive diagnosis within thirty minutes after the patient was admitted to the hospi- 
tal. In no ease in which the organism was found on the direct smear from the 
purpura did we fail to culture, identify, and type the organism as meningococeus. 
This, we think, is an important point, since many of the earlier workers did not go 


heyond finding the organisms on the stained smears. In column two (Table IIT), 


it is shown that cultures from the purpurie lesions were positive in 35, or 87.5 
per cent, of the total eases. Eight cases in which we did not find typical organ- 
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isms on the smear were positive on culture. In these eases suspicious extra- 
cellular bodies resembling single cocci were often seen, but nothing was definite 
enough to report as diagnostic. 
TABLE IT] 
SMEARS AND CULTURES FRoM 40 CASES WITH PurRPURIC LESIONS 


SMEARS OF ULere oF OTHER LABORATORY FINDINGS 


| PURPURA PURPURA C.S.F. CULTURE | BLOOD CULTURE 

Case ] + 
Case 2 
Case 3 + - 
Case 4 t 
Case 5 + = 
Case 6 = | } 
Case 7 + + _ 
Case 8 + | 
Case 9 = i 
Case 10 - 
Case 1] + 1 
Case 12 + 
Case 13 + + 
Case 14 + + 
Case 15 + + 
Case 16 + 
Case 17 + 4b 
Case 18 + 
Case 19 t + 
Case 20 + + 
Case 21 + 4 + 
Case 22 
Case 23 + 
Case 24t + + 
Case 25 $ + 
Case 26 4 | + 
Case 27 - 
Case 28 + 
Case 29 + 
Case 30 $. } 4 
Case 31 + + 
Case 32 + oo 
Case 33 4. 
Case 34 
Case 35 4, + 
Case 36 + 
Case 37 - 
Case 8 + + 
Case 39 
Case 40 

Per Cent Pos. 67.5 87.5 | 82.2 19 


*Slides in this case suspicious but not diagnostic. 

7Meningococci were isolated from aspirated knee fluid in this case. 

We have isolated the meningococcus from purpura in four additional cases since this 
paper was written. 

The experience of Coles, Middleton,'® and Kwedar’™ in finding the organ- 
isms in ordinary smears of the peripheral blood should be kept in mind, but their 
cases were unquestionably overwhelming infections, and our experience has not 
shown it to be a dependable method of diagnosis. In several cases after finding 
meningococci in smears from the purpuric lesions, we have diligently searched 
for organisms on ordinary smears of the peripheral blood, but without success. 

A comparative analysis of complete findings, including spinal fluid and 
blood cultures, shows that in 40 cases the cultures of the lesions were positive 
in 35, while the blood cultures were positive in only 30 cases. It is interesting 
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Fig, 1.—Examples of smears 
from purpuric lesions. A shows sev- 
eral pairs of intracellular meningococci 
(Case 1, Table III), Gram’s stain; 
magnification 600. B shows intra- 
cellular meningococci (Case 16, Table 
Itt), Gram’s | stain; magnification 
x900. C shows numerous meningo- 
cocci in a disintegrating polymorpho- 
nuclear leucocyte (Case 36, Table 
III), Gram’s | stain; magnification 
x1200. D shows a cluster of extra- 
cellular meningococci (Case 36, Table 
III). The erythrocytes have been de- 
stroyed by fixing. (Magnification 
«1200.) HE shows two pus cells with 
large numbers of meningococci (Case 
37. Table III), Wright’s stain; mag- 
nification x 600. 
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to note that the percentage of positive findings in the cultures of the purpura 
is higher than the cultures of either the blood or spinal fluid. However, in 
arriving at comparative values of diagnostic methods, it is important to remem- 
ber that many cases of meningococcic septicemia with purpura do not develop 
into spinal meningitis, and in these cases the evidence presented weighs heavily 
in favor of smears and culture of material from the purpurie lesions (87.5 per 
cent positive purpura and 75 per cent positive blood cultures). Table IIT also 
shows two eases, 4 and 5, in which the material from the purpurie areas furnished 
the only positive diagnosis in the case. In Case 4, typical gram-negative intra- 
cellular diplocoeci were found on the smear, and positive cultures were obtained. 
Diligent search in Case 5 failed to demonstrate organisms on the smears, but 
cultures showed typical colonies which on typing proved to be meningococci. 
Cultures of the venous blood and spinal fluid done simultaneously, and as in ail 
other cases prior to initiation of the treatment, were both negative. The tech- 
nique of making and examining the smears is such that we feel it should in all 
cases be done by the bacteriologist or pathologist and not entrusted to a labora 
tory technician. 
TABLE IV 


TYPES OF MENINGOCOCCI 





NO. CASES C.S.F. PER CENT NO. CASES PER CENT 

OR BLOOD TOTAL | PETECHIAE POTAL 
Type I 153 91.6 34 97.0 
Type Il 7 4.2 0 0 
Type ila 2 1.2 0 0 
Type IV 1 1.6 l 2.9 
Did Not Type 4 2.4 0 ) 
Total Cases 167 | 5 

TABLE V 


SUMMARY OF DEATHS AND MorTALIty RATE 


Number of proved meningococcic meningitis and meningococcemia cases 167 
Number of deaths in this group i 
Mortality rate (per cent) 2.39 
Total number of cases, including 15 of undetermined etiology 182 
Total number of deaths 6 
Mortality rate (per cent) 3.29 


Approximately 75 per cent of meningococcus infections in this hospital have 
shown some degree of purpura; therefore it seems very likely that an earlier 
initiation of our present method of examining smears and eulturing thi 
extravasated blood and serum from these areas would have afforded a diagnosis 


in some of the 20 cases charted as purpura of undetermined etiology (Table | 

SPECIFIC TYPES OF MENINGOCOCCI | 

In Table IV, we have recorded the specific tvpes of meningococei found in 
our series. It is significant that almost all of the cases are classed as Type | 

In 153 cases or 91.6 per cent of the total, the organism isolated from the blood, | 
spinal fluid, or both, proved to be Type I meningococeus. In 4 eases, or 2.4 pe! 

] 


cent, we did not type the organisms. Three of these cultures were identified 


by agglutination with a polyvalent meningocoecus horse serum, and we did ne 
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at that time have the antisera to do specific typings. In the fourth cdse, the 
organisms agglutinated when tested with the polyvalent serum, but we were 
unable to obtain a specific type. Of the 35 meningococcus cultures isolated from 
purpurie lesions, 384 or 97 per cent were Type I. 

Cultures of the nasopharynx were done on 8,846 meningitis contacts. The 
carrier rate averaged from 16.5 per cent to 23 per cent. 

In Table V, a summary of deaths in both proved and unproved eases is 
given. In the 167 diagnosed cases there were only 4 deaths. Two other deaths 


occurred among the cases classed as of unknown etiology. 


SUMMARY 

1. Meningococci were demonstrated in smears from the purpuric¢ lesions 
in 27 or 67.5 per cent of 40 cases of meningococecie infections. On culture, the 
organisms were isolated in 385 or 87.5 per cent. In two eases, this offered the 
only baeteriologie diagnosis. 

2. Positive spinal fluid cultures were obtained in 25 cases of meningitis 
showing clear fluids with normal chemical constituents. 

3. A eulture medium for the isolation of the meningococcus is described. 


CONCLUSIONS 
Smears and cultures from purpuric lesions in meningococcemia offer a 
rapid method of diagnosis. Cultures of the purpurie areas proved to be the 


most satisfactory diagnostic procedure. 
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PLASMA CLOT TENSILE STRENGTH 
Il. Toe Errecr or Some Puysicat Factors, 
ANTICOAGULANTS AND COAGULANTS* 
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M.D., S. Bosar, M.D., R. Kastow, B.A., aNp M. RockENMACHER, B.A. 
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HE use of autologous plasma clots for the suture of peripheral nerves has 


raised many questions concerning the factors which may influence their 


physical characteristics... ? In earlier reports,” * a simple method for measuring 
the tensile strength+ of plasma clots was described, and the tensile strength was 
shown to be roughly proportional to the fibrinogen content of the plasma from 
which they were formed. This report concerns the results of experiments 
designed to evaluate the influence of other physical and chemical tactors on the 
tensile strength of plasma clots. 


MATERIALS AND METHODS 


Human venous blood was used in these experiments. It was withdrawn 
into a syringe coated with mineral oil. Those samples which were used to pre- 
pare unmodified plasma (obtained from blood to which no anticoagulant is 
added) were transferred to paraffin-lined test tubes packed in ice and then 
centrifuged in 250 ¢.c. metal cups filled with ice. Those portions of blood which 
were used for studies of plasma prepared with anticoagulants were placed in 
tubes containing measured amounts of the anticoagulant. After centrifuging 
at approximately 2500 revolutions per minute for five minutes, the plasma was 
pipetted into test tubes of approximately 8 mm. internal diameter (50 sq. mm. 
cross section) and allowed to clot either spontaneously or upon the addition 
of the specified reagents. The tests of tensile strength were carried out on 
clots which were allowed to stand for a minimum time interval of one hour in 
the water bath after complete coagulation had occurred. Tensile strength 
determinations were done in at least triplicate on the clots prepared from 
each sample of plasma. 

The technique used tor measuring the tensile strength of plasma clots was 
essentially that previously described. Careful examination of the results of 
measurements of the tensile strength of numerous clots prepared from the same 
plasma indicated that the seatter was so large that approximately 30 clots were 
necessary to establish a significant mean value. In an attempt to obtain closer 
agreement between repeated determinations on clots prepared from the sate 
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+The term tensile strength as used in this paper refers merely to the load at which tlic 
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material, the procedure followed in preparing and testing the clots was system- 
atically modified to eliminate various suspected sources of error. Since the 
tensile strength of plasma clots was found to increase when more fluid was ex- 
pressed, this effect was standardized by transferring the clot to a watch glass, 
where the excess fluid was allowed to drain off. The clot was touched repeatedly 
against clean filter paper until a partly dry spot remained. It was then sus- 
pended between the jaws of a rubber-sleeved Allis clamp fixed to a rigid sup- 
port. Injury by rough handling in changing weights was diminished by sus- 
pending a paper cup by a silk thread from the lower clip attached to the clot 
and slowly running in water from a burette with an S-shaped delivery tube. 
The tensile strength of the clot was taken as the sum of the weights of the cup 
and elip (10 grams) and the volume of water in cubie centimeters at which the 
clot broke. Tugging or torsion on the clot durine the addition of weights was 
further reduced by slightly deflecting the string from the lower clamp to the 
paper cup over a ball-bearing pulley so that the occasional twisting of the cup 
was not transmitted. Since the range of variation in the results was not de- 
creased by these apparent improvements in technique, the variability was con- 
sidered to be a property of the clots themselves rather than an artifact of the 
method of testing. The modifications in the technique of measurement, however, 
were retained because of their convenience. Since averages of groups of 30 or 
more clots were necessary to obtain significant mean values, it was not practicable 
to obtain large enough samples of blood from individual subjects to provide 
sufficient plasma to permit the performance of each complete experiment on a 
single specimen. It was therefore necessary to have a method of calculation 
which would avoid undue weighting of the average by determinations on samples 
of plasma yielding exceptionally strong clots. This was achieved by reducing 
the absolute values of the tensile strength of plasma clots to relative units in a 
scale on which the average tensile streneth of the unmodified clots from each 
plasma was fixed as 100. Such a relative tensile strength (RTS) was obtained 
hy dividing 100 times the absolute tensile strength of each clot by the average 
tensile strength of the unmodified plasma clots prepared from the same blood 
specimen. In tabulating the results of each experiment, the mean RTS was 
caleulated for all the clots which were prepared and tested under the same condi- 
tions. The standard deviation and standard error were computed in the manner 
suggested by Pearl.° 
EXPERIMENTS 


I. The Effect of the Physical Conditions of Coagulation on the Tensile 
Strength of Plasma Clots. 

A. Size of Tube. 

Although the factors and mechanisms determining the tensile streneth of 
plasma elots are not entirely understood, an elementary analysis of the physical 
system involved suggests at once that the tensile strength should be proportional 
to the internal cross-sectional area of the tube in which the clot is formed. This 
}enomenon, assumed without proof by Kristenson,® was studied by comparing 
scries of unmodified clots prepared in tubes of three different diameters. For 
eich specimen of plasma, the average strength of the clots formed in tubes of 
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8 mm. diameter was used as a basis for ealeulating the RTS of the clots formed 
from the same plasma in tubes of different diameter. The results of these experi- 
ments are shown in Table I, from which it is clear that the mean RTS per 
square mm. of clot is constant within limits of experimental error when the area 
of the tube varies through a range of 300 per cent. 

B. Temperature. 

To determine whether variation in temperature during incubation and 
measurement could account for some of the observed variations in the tensile 
strength of clots prepared from the same sample of plasma, a series of clots 
were prepared and measured in a constant temperature room at 37° C. For this 
purpose a single specimen of sodium citrate plasma was used, and the clots 
formed by the addition of dry calcium chloride. <All glassware, reagents, and 
plasma were brought to 37° C. before coagulation was begun and kept at that 
temperature throughout the entire experiment. The tensile strength of these 
clots showed the same amount of variation as clots prepared and tested by the 
usual method. 

TABLE I 


THE EFFECT OF THE CROSS-SECTIONAL AREA OF THE TUBE IN WHICH PLASMA CLOTS ARI 
FORMED ON THEIR TENSILE STRENGTH 


STANDARD 


a ; INTERNAL CROSS-SECTION- MEAN HOU PER oe. 
remy seed DIAMETER OF AL AREA OF MEAN RTS SQUARE a — 
a TUBE TUBE MILLIMETER RTS PER SQUARI 
MILLIMETER 
_— aa “8.0 mm. 50 mm.2 100 2.00 0.07 
37 10.5 mm. 87 mm.2 192 2 0.11 
29 14.0 mm. 154 mm.2 284 1.84 011 


TABLE II 
THE EFFECT OF THE TEMPERATURE AT WHICH PLASMA CLOTS ARE FORMED ON THEIR TENSILI 
STRENGTH 











~ NUMBER OF CLOTS TESTED TEMPERATURE ° C. RTs STANDARD ERROR OF RTS 
33 ——.e | ars 100 ee 
24 2() RO 3.8 
le — - ae : 37 - aan _ 100 = 5 
10 67 5 


To study the effect of slowing coagulation by lowering the temperature, a 
series of experiments was carried out on unmodified plasma. The RTS of clots 
formed at 10° C. and 20° C. was computed by taking the average tensile strength 
of clots formed at 37° C. as 100. At the lower temperatures, the rate of coagula- 
tion was greatly retarded and was found to vary markedly from tube to tube. 
At 37° C. coagulation was usually complete in 20 to 30 minutes, at 20° C. if 
usually required 2 to 3 hours and at 10° C., 20 to 24 hours. In general, the 
clots were allowed to stand for several hours after coagulation appeared con 
plete, but because of the uncertainty as to whether the process was complete, t! 
expressed serum was incubated at 37° C. and the determination discarded it 
further coagulation occurred. The results of these experiments shown in Table 
II indicate a definite reduction in RTS when the elots are slowly formed at t! 


lower temperatures, 
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C. Nature of Surface of Tube in Which Coagulation Occurs. 

It is well known that the beginning of coagulation in shed blood is markedly 
delayed when the blood is collected in a_paraffin-lined vessel,’ and_ this 
phenomenon has been applied in the preparation of unmodified plasma clots for 
nerve suture’? and tensile strength studies.*** To evaluate the effect of the 
surface of tube in which the clots are formed on their tensile strength, a series 
of unmodified plasma clots was prepared in tubes whose inner surfaces were 
coated with thin layers of paraffin, latex, and colloidal graphite (aquadag). 

It was noted in these experiments as in most of the other studies on un- 
modified plasma, that the coagulation time varied greatly from clot to clot in 
each series prepared under the same conditions from the same plasma. In 
general, however, the clots in rubber or latex-lined tubes formed somewhat more 
slowly and those in the aquadag-lined tubes more rapidly than those prepared 
in plain glass tubes. The relative tensile strength of these clots was computed 
by taking the average value of the tensile strength of the clots formed from 
each plasma in plain glass tubes as 100. 

The results of these experiments are shown in Table III. It is clear that 
within the range of experimental error, the nature of the surface of the tubes 
in whieh the clots were formed had little influence on their tensile strength. 


TABLE III 


THE EFFECT OF THE LINING OF THE TUBE IN WHICH PLASMA CLOTS ARE FORMED UPON THEIR 
TENSILE STRENGTH 
NUMBER OF CLOTS TESTED LINING OF TUBE MEAN RTS STANDARD ERROR 


50 ~ Glass 100 2.8 
40 Latex eg 6.1 
32 Paraftin 102 6.9 
32 Graphite 84 6.2 


(aquadag ) 


D. Time. 

The effect of the period of incubation upon the tensile strength of plasma 
clots may be important in relation to their suitability as nerve suture material, 
since if the clots rapidly deteriorate before fibrous tissue replacement has oe- 
curred, then the nerve ends may separate. In an earlier report, it was con- 
cluded that unmodified plasma clots formed in glass tubes reach their maximum 
strength about twenty minutes after the beginning of coagulation. In these 
experiments the beginning of coagulation was determined by tipping the tube 
at short intervals, noting the time when the plasma failed to flow (tip test). 
Further study has shown that if the tubes are not agitated, and the end point 
of coagulation is determined by the appearance of turbidity, there is much 
variation in the coagulation time among different samples of the same plasma and 
also in the time required for complete coagulation. To investigate this 
phenomenon further, 22 one ¢.¢. samples of the same chilled unmodified plasma 
were placed in a water bath at 37° ©. At short intervals these tubes were in- 
spected without agitation, and those in which coagulation appeared to be com- 
plete as judged by the attainment of maximum turbidity were removed and 
tested for tensile strength. It was found that among the tubes in which opacity 
appeared to be maximal, most of the clots which were examined within the first 
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forty minutes showed evidence of incomplete coagulation either by sacklike forms 
of the clots or by the spontaneous coagulation of the expressed fluid. Among 
those clots which did not show the signs of incomplete coagulation, no significant 
difference in the tensile strength was observed between those clots ineubated 
twenty minutes and those incubated for longer intervals up to one hundred and 


forty minutes. 
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TIME - DAYS 
FIG. 1 - CHANGE IN TENSILE STRENGTH OF PLASMA CLOTS WITH TIME 


To study the change in tensile strength of plasma clots on longer standing, 
it was necessary to take precautions against bacterial contamination and against 
the loss of water and dissolved gases by evaporation from the surface. To do 
this, clots were prepared from unmodified plasma obtained under aseptie condi 
tions and placed in sterile test tubes into which a sterile cotton plug soaked with 


melted paraffin was pushed to within about 1 em. of the surface of the plasma 


The tubes were then closed with sterile corks and sealed with paraffin. On severa 
batehes of plasma handled in this way and ineubated at 37° C., triplicate tensi|: 
strength determinations were done at the beginning of the experiment and at 
various time intervals thereafter. The RTS was caleulated using the average 
tensile strength for the clots from each plasma at the beginning of the exper! 
ment as 100. The results are shown graphically in Fig. 1. In spite of the wide 
seatter of individual determinations, it is clear that the tensile strength de 
¢lines rapidly within the first 24 hours reaching a value 50 to 60 per cent of its 
initial strength and then falling more slowly to about 20 per cent of its initia! 


value at the end of eight days. Partial lysis was noted in some of the clots ! 


the end of the fourth day. 














SHAPIRO ET AL.: PLASMA CLOT TENSILE STRENGTH 287 


Il. The Effect of Tissue Extracts on the Tensile Strength of Plasma Clots. 

Extracts of mammalian tissue contain substances, probably lipoprotein in 
nature, which accelerate the coagulation of fresh blood or plasma. The exact 
mechanism of their action is uncertain, but it is known that in the presence of 
calcium ions, they accelerate the conversion of prothrombin to thrombin which 
in turn catalyzes the conversion of fibrinogen to fibrin.’ 

Since lung and muscle extract have been added to the unmodified plasma 
used in some of the studies on plasma clot suture,? the effect of these substances 
on the strength of clots was investigated. Tissue extracts were prepared by 
thoroughly grinding fresh human, dog, or rabbit lung or musele in a mortar with 
elean sand and centrifuging the mixture. The supernatant fluid then was re- 
moved and used undiluted, or diluted five and ten times with Ringer’s or normal 
saline solution. In testing these preparations, one drop was added to one ¢.«. 
of ehilled unmodified plasma. The results of the tensile strength determina- 
tions are shown in Table IV. 

TABLE IV 
THE Errect OF MUSCLE AND LUNG EXTRACT ON THE RELATIVE TENSILE STRENGTH OF 


PLASMA CLOTS 


NI MBER O1 NUMBER OF 


snipe i COAGULATING AGENT SAMPLES CLOTS MEAN RTS adr 
PLASMA OF PLASMA TESTED — 
Unmodified None 12 36 100 25 
Unmodified Muscle extract 12 ou 72 4.8 
Unmodified Muscle extract 12 51 83 3.6 
diluted 1:5 
Unmodified Muscle extract 12 }] S7 1.9 
diluted 1:10 
Unmodified Lung extract 12 36 34 3.9 
Unmodified Lung extract 12 36 66 2.9 


diluted 1:5 
sung extract 12 29 78 6.1 
diluted 1:10 


Unmodified 


*The data presented in the above table are not strictly comparable to those presented 
in Tables V and VI, since but one drop of muscle or lung extract was added to the unmodified 
plasma. Hence the dilution factor in these experiments with muscle and lung extract is 
negligible. 

The muscle and lung extracts were diluted with either Ringer’s or normal saline solution. 

The coagulation accelerating tissue extracts all tended to weaken the eclots 
produced trom unmodified plasma, an effect more marked with lune extract, 
which produced more acceleration of coagulation than muscle extract. That the 
effect is not due entirely to the increased coagulation rate is indicated by the 
finding that the diluted extracts, which had about the same effect on the rate 
of coagulation, weakened the clots less than the more concentrated ones. 

Ill. The Effect of Anticoagulants on the Tensile Strength of Plasma Clots. 

A. Deecaleifying Anticoagulants. 

The most commonly used anticoagulants are the soluble salts of citrie and 
oxalic acid which prevent coagulation by removing calcium ions from solution. 
Plasma prepared by centrifuging blood treated with these anticoagulants may be 
recoagulated by the addition of suitable amounts of soluble ionized caleium salts. 

Solutions isotonie with blood plasma were used, since other concentrations 
would produce a shift of water between the red blood cells and the plasma until 


equilibrium was re-established. 
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Sodium Citrate. 

3.8 per cent solution of hydrated sodium citrate is isotonic with blood 
plasma. Preliminary trials of several different blood samples containing vary- 
ing amounts of sodium citrate indicated that one part of citrate to 19 parts of 
whole blood is a safe anticoagulant for most specimens and that one part to 14 
of whole blood is safe for all bloods examined. These figures, representing 0.14 
per cent to 0.18 per cent anhydrous sodium citrate in the final mixture, are in 
good agreement with those (0.15 per cent to 0.20 per cent) reported as minimal 
anticoagulant concentrations in the literature." 

The minimal amount of calcium chloride necessary to coagulate citrated 
plasma may be ecaleulated from the theoretical studies of Ransemeier and 
McLean,’ but since more than minimal amounts are probably optimal, the data 
of Nygaard'® were used as a starting point. A rough calculation from these 
data suggests that 0.1 ¢.c. of a 0.5 per cent to 2.5 per cent solution of CaCl, :2H,O0 
should act as a convenient and effective coagulant. 

Citrated plasma was prepared from the blood of each of two healthy normal 
adults using one part of a 3.8 per cent sodium citrate soluticn to 19 parts of 
blood. Nine-tenths ¢.¢. portion of this plasma was mixed in each tube with 
0.1 ¢.¢. of a solution of caleium chloride of 0.5, 1.0, 1.5, 2.0, or 2.5 per cent. At 
least three clots were prepared at each calcium chloride concentration. The 
tensile strength was determined on these clots and on unmodified clots prepared 
from each sample of plasma. The RTS was calculated. As was expected from 
Nygaard’s observations, no significant difference was noted between the clots 
prepared with the different amounts of calcium chloride. 

A similar experiment was carried out using a fixed amount of calcium 
chloride and varying the concentration of the sodium citrate solution from 5 
volumes to 11 volumes per cent. Here the larger concentration of citrate seemed 
to give somewhat weaker clots, but the difference was not large compared with 
the difference between triplicates of the same sample. 

On the basis of these two experiments, it was considered that slight differ- 
ences in citrate concentration such as might occur as a result of unusually high 
or low hematocrit values would be unlikely to cause significant differences in 
plasma clot tensile strength, and that small differences in the proportion ot 
calcium chloride to sodium citrate would also have relatively little effect. 

2. Potassium and Ammonium Oxalate. 

A 1.6 per cent solution of a mixture of 4 parts of dry potassium oxalate and 
6 parts of dry ammonium oxalate is isotonic with blood plasma. Preliminary 
trials of this solution with different proportions of whole blood indicated thai 
one part of the oxalate solution is a safe anticoagulant for 19 parts of blood. 
Caleulations show that this figure corresponds closely to Scott and Chamber- 
lain’s™ value which represents four times the amount necessary to combine wit 


the plasma calcium. Experiments with oxalate solution similar to those carried 


out with the citrate solution gave analogous results. When, however, 1 part ot 
oxalate solution was added to 9 parts of blood, clotting oceurred although th 
clots were very weak. 
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To study in detail the RTS of clots prepared from reealcified plasma, un- 
modified, citrated, and oxalated plasmas were prepared from the blood of each 
of ten subjects. Isotonic potassium and ammonium oxalate solution was used in 
the proportion of one part to 19 parts of blood. Isotonie sodium citrate solution 
was used in the proportions of one part to 14 parts and one part to 19 parts of 
blood. One-tenth ¢e¢. of 2 per cent calcium chloride solution was added to 0.9 
c.¢. of chilled plasma containing the anticoagulant and mixed by inverting the 
test tube three times against a clean cork. The RTS of the resulting clots were 
determined. 

To evaluate the effect of the dilution of the plasma by the added reagents, a 
series of determinations of RTS was done on additional groups of clots pre- 
pared from unmodified plasma to which isotonic sodium chloride solution was 
added in the proportion of 10 per cent and 20 per cent of the final volume. As 
a further control, the RTS was determined on a series of clots prepared from 
unmodified plasma to which the citrate and oxalate salts had been added in dried 
form in the same proportions in which they would occur in plasma obtained from 
blood to which one part of isotonie anticoagulant solution had been added for 
each 14 parts of blood. These plasmas were coagulated by adding 1 ¢.c. portions 
to test tubes containing the calcium chloride dried from 0.1 ¢.c. of a 2 per cent 
solution. The results of all the studies on deealeifyving anticoagulants and dilu- 
tion controls are shown in Table V. 

When an isotoni¢ solution of an anticoagulant salt is added to whole blood, 
the plasma is diluted by it. It may be easily caleulated* that clots prepared 
from 0.9 e@.e. of such plasma and 0.1 ¢.c¢. of calcium chloride solution contain 
fibrinogen, and other solids present in only about 0.8 ¢.¢. of original blood plasma 
and their mean RTS may, therefore, be expected to be about 20 per cent less 
than that of clots prepared from unmodified plasma.* In Table V it is seen that 
the clots prepared from unmodified plasma diluted with 20 per cent of saline 
solution averaged 27 per cent weaker, while the citrated clots were 21 per cent 
weaker, and the oxalated clots 30 per cent weaker than clots prepared from un- 
modified plasma. The standard errors of these results are large enough so that 
it cannot be concluded that any of these values is significantly different from the 


20 per cent weakening effect expected as the result of dilution alone. 


Kor citrated plasma clots, this interpretation is further strengthened by 
the finding that unmodified plasma stabilized by the addition of dry sodium 
citrate and coagulated by the addition of dry calcium chloride gave clots whose 
mean RTS was not significantly different from 100, the mean RTS of the unmodi- 
fied clots. 

On the other hand, the clots prepared from unmodified plasma treated 
with dry potassium ammonium oxalate and dry calcium chloride had a mean 
RTS 14 per cent less than that of the unmodified clots. Since the standard 


0.9 c.c. x volume of plasma 
*The volume of original plasma in the final 1 ¢.c. clot is Volume of plasma + volume of 
anticoagulant. 
The volume of plasma equals volume of blood x (1 hematocrit). With a hematocrit of 0.45: 
: ; 0.9 c.c. x (14 x 0.55) 
1 ce. of anticoagulant to 14 ¢.c. of blood gives: (14 X05) +1 - 0.80 c.c. 
0.9 c.c. x (19 x 0.55) 


1 c.c. f ¢ icoagul: 0 19 c.c. of blood gives: — = 0.82 c.c. 
c.c. of anticoagulant to 1 Cc, © ood g (9 x 0.55) + 1 
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error is 5.1 per cent, this may be considered as representing a small but definite 
weakening effect due to the oxalate, possibly caused by the presence of crystals 
of calcium oxalate among the fibers of the clot. 

B. The Use of Heparin as an Anticoagulant. 

The anticoagulant action of heparin has recently been reviewed by Quick,’ 
who summarizes as follows: ‘‘first, it prevents the liberation of thromboplastin 
from platelets; second, it prevents, with the aid of a plasma co-factor, the con- 
version of prothrombin into thrombin; and third, it forms with serum albumin 
a strong antithrombin.’’ Thus, heparin, by acting as an inhibitor of coagulation 
at three successive stages of the clotting process, is admirably suited for the role 
for which it has often been suggested, but never conclusively proved—that of the 
normal physiologic anticoagulant.’;'* For our purposes, it has the added 


advantage of being extremely potent in small amounts. 


TABLE V 


THE EFFECT OF RECALCIFICATION OF CITRATED AND OXALATED PLASMA AND OF DILUTION WITH 
SALINE SOLUTION ON THE RELATIVE TENSILE STRENGTH OF CLOTS 











RECALCIFIED OR ee pate MEAN STANDARD 
TEPE OF PLASMA DILUTED WITH oe Seer RTS ERROR 
PLASMA TESTED 
Unmodified ge Nothing 10 16 100 28 
Sodium citrate (1:20) 0.1 ¢.c. of 2 per cent 8 o1 73 5.6 
ealeium chloride 
Sodium citrate (1:15) 0.1 ¢.c. of 2 per cent 10 39 82 6.6 
ealecium chloride 
Sodium citrate (1:15 0.1 ¢.c. of 2 per cent 10 70 79 1.3 
or 1:20) ealecium chloride 
Ammonium and potas 0.1 ¢.c. of 2 per cent 10 H() 70 4.5 
sium oxalate solution calcium chloride 
(1:20) 
Unmodified _ Nothing 16 S7 100 2.9 
Unmodified 0.1 ¢.e. of isotonic 1] 66 89 1.4 
sodium chloride 
Unmodified 0.2 ec. of isotonic 13 79 73 3 
sodium chloride 
Unmodified Nothing 5 35 100 1.4 
Unmodified dry sodium 2 mg. dry calcium 5) 1() 97 5.3 
citrate chloride 
Unmodified dry am- 2 mg. dry calcium > 38 86 5.1 
monium and potassium chloride 


oxalate 


Preliminary tests of a 1 per cent solution of the sodium salt of heparin 
(Liquaemin: Roche) indicated that while 0.01 mg./e.c. of blood is adequate to 
prevent coagulation of some specimens, 0.05 mg./¢.c. is necessary for a safe anti 
coagulant effect, and this amount was used in all subsequent experiments. 

To coagulate heparinized plasma, one must either supply an excess of 
thrombin, or else neutralize the heparin so that the normal coagulation mecha 
nism can operate. Both methods were studied. 

1. Coagulation of Heparinized Plasma by the Addition of Rabbit ‘* Clotting 
Globulin.’’ 

‘*Clotting Globulin’’ (Lederle)* is derived trom rabbit plasma, and it has 
been demonstrated to have the properties of thrombin.’*:'' It is supplied in a 
10 per cent solution which contains a preservative. 


*Kindly supplied by the Lederle Laboratories. 
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In exploratory experiments with varying amounts of globulin as the eo- 
agulating agent for heparinized plasma, it was found that 0.1 ¢.e. of the stock 
10 per cent solution added to 0.9 ¢.¢. of heparinized plasma or 0.05 ¢.c. of the 
solution mixed with 0.95 ¢.¢. of plasma gave clots which were up to 50 per cent 
weaker than the average clot prepared from unmodified plasma. One-tenth e¢.c. 
of a 2 per cent solution to 0.9 ¢.«¢. of plasma yielded clots from 20 per cent to 
80 per cent weaker than unmodified plasma clots, and 0.05 ¢.c. of 2 per ceni 
solution added to 0.95 ¢.¢. of plasma resulted in clots which were so weak and 
friable that their strength could not be measured. 

Unmodified plasma and heparinized plasma (0.05 ¢.¢. of 1 per cent solution 
of liquaemin to 10 ¢.c. of blood) were prepared from blood taken from each of ten 
patients. Nine-tenths ¢.¢. of heparinized plasma was coagulated with 0.05 ¢.c. 
or 0.1 ec. of 10 per cent **Clotting Globulin’® solution. Unmodified clots were 
prepared as usual. The tensile strengths were measured and the RTS calculated. 


The results are shown in Table VI. 


TABLE VI 
THE Errect oF RABBIT ‘*CLOTTING GLOBULIN’’ AND PROTAMINE SULFATE ON THE RELATIVE 
TENSILE STRENGTH OF HEPARINIZED PLASMA CLOTS 


NUMBER OF NUMBER OF 


TYPE OF : ; MEAN STANDARD 
COAGULATING AGENT SAMPLES CLOTS Siaics 
PLASMA mene RTS ERROR 
OF PLASMA TESTED 
Unmodified None 10 46 100 2.8 
Heparinized **Clotting Globulin’? 0.05 e.e o 12 60 12.6 
Heparinized ‘*Clotting Globulin’’ 0.1 ¢.e, 7 28 o7 6.2 
Heparinized ‘* Clotting Globulin’’ 0.05 ¢.c. 10 4() 58 6.5 
or 0.1 e.c. 
Unmodified None 19 54 100 4.0 
Heparinized Protamine sulfate 0.1 mg. 10 | LOO 3.1 
Heparinized Protamine sulfate 0.125 mg. 10 tI L0G 6.0 
Heparinized Protamine sulfate 0.15 mg. 0 20 102 6.0 
Heparinized Protamine sulfate 0.1, 0.125 10 102 101 20 


or 0.15 me. 


*The final volume of all clots was 1 ¢.c. 


2. Coagulation of Heparinized Plasma by Means of Protamine Sulfate. 


In attempts to obtain an anticoagulant with prolonged action, Chargaff 
and Olson'® precipitated heparin with protamine sulfate but found that its effect 
was completely neutralized. In further studies they showed that protamine 
sulfate is capable of neutralizing the anticoagulant effect of heparin both in 
itro and in vivo. Protamine sulfate, therefore, seemed a suitable reagent for 
removing heparin to permit coagulation to oe¢eur in a normal way. (Protamine 
sulfate itself is a weak inhibitor of coagulation’? rather than a coagulant.) 

To determine optimal conditions, varying amounts of protamine sulfate 
vere added in 0.1 ¢.e. of water to 0.9 ¢.¢. of heparinized plasma in a water bath 
at 37° C., and coagulation or its absence was noted at intervals. It was found 
that with 0.09 mg. of protamine sulfate or less, coagulation was markedly de- 
aved or prevented, while with 0.1 mg. or more, coagulation was about as rapid 
is in unmodified blood. 

Unmodified plasma and heparinized plasma were prepared from blood 
irawn from each of ten patients. Nine-tenths ¢.c. sample of heparinized 
plasma was coagulated in quadruplicate with 0.1 ¢.c. of aqueous solutions con- 
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taining 0.10, 0.12, and 0.15 mg. of protamine sulfate respectively. The RTS 
of the clots were determined (Table VI). 

The volume and molar concentration of heparin used as an anticoagulant in 
our experiment was so small that it introduced no significant dilution, but the 
added coagulating agents produced a slight but definite dilution—5 per cent in 
the experiment with 0.05 ¢.c. of ‘*Globulin’’ solution, 10 per cent in all other 
experiments. The clots prepared from heparinized plasma coagulated with 
rabbit ‘‘Globulin’’ had a mean RTS about 40 per cent less than that of the 
clots prepared from unmodified plasma and must be considered significantly 
weaker than the latter. 

On the other hand, the clots prepared by neutralizing the heparin with 
protamine sulfate had a mean RTS which was the same as that of the unmodified 
clots and slightly but significantly higher than the mean RTS of the clots pre- 
pared from unmodified plasma diluted with a corresponding volume of saline. 


DISCUSSION 

Some of the implications of the results of our studies coneerning the in- 
fluence of various factors on the tensile strength of plasma clots are clear. As 
would be expected, the mean relative tensile strength is proportional to the cross- 
sectional area of the tube in which the clot is formed, and inversely proportional 
to the amount of dilution of the plasma by saline solution. These findings are 
consistent with the previous observation’ that clots of the same size prepared 
from different specimens of plasma have tensile strengths roughly proportional 
to their fibrinogen concentration. 

The mean RTS of plasma clots is slightly decreased by the addition of small 
amounts of muscle extract, and by lowering the temperature from 37° C. to 20 
re 
tubes. Insofar as these compensating factors are concerned, it is likely that the 


while it is slightly increased in latex-lined tubes as compared with glass 


tensile strength of plasma clots in vivo is similar to that observed in vitro. It 


is significant, however, that the clots in vitro show a definite weakening on stand- 


ing even when contamination, and evaporation of dissolved gases is prevented. 

Some conclusions may be drawn as to the suitability of various types ot 
anticoagulants and coagulants for the preparation of plasma clots for surgical 
use. The findings on the mean RTS of clots prepared by the reealeification of 
citrated plasma are consistent with the concept that sodium citrate solution in 
suitable concentration exercises no effect on the RTS of plasma clots other than 
that of simple dilution. Since it has been shown that within a fairly wide range 
the RTS is independent of the volume of citrate solution used as the anticoagu- 
lant and the amount of calcium chloride used to coagulate the plasma, and since 
sterile sodium citrate solution is so readily available wherever surgery is per 
formed, citrated plasma clots would seem to be worthy of further investigation. 

The clots prepared by the recalcification of oxalated plasma have a mean 
RTS slightly but definitely lower than would be predicted as a result of simple 
dilution. Although this effect is small as compared to the differences between 
some of the individual clots in the series, the presence of calcium oxalate crystals 
in the clots and the absence of any theoretical or practical advantage of oxalate 
over citrate suggest that oxalated plasma is an unsuitable source of clots. 
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When heparin is used as the anticoagulant, the plasma clots prepared by 
the addition of the thrombin-like substance from the globulin fraction of rabbit 
plasma had a mean RTS definitely lower than that expeeted as a result of dilu- 
tion alone. Moreover, the fact that they contaim relatively large amounts of 
rabbit protein might make such clots undesirable. 

When protamine sulfate solution is used to inactivate the heparin in 


heparinized plasma and permit the normal coagulation mechanism to operate, 


the resulting plasma clots have a mean RTS approximately equal to that of 
unmodified plasma. Since the volume and molar concentration of the heparin- 
protamine sulfate solutions are so low, the heparin-protamine plasma clots may 
be considered chemically most similar to unmodified clots and are certainly well 
worthy of further study in connection with their surgical use. 

The fibrin clot in mammalian blood plasma forms when, as a result of the 
catalytic action of thrombin, the soluble protein fibrinogen changes to the in- 
soluble protein fibrin which then precipitates out of solution.’ Plasma clots 
have been found, by microscopic examination, to be composed of interlocking 
needles,’ and by x-ray speetrography, each needle has been shown to be built 
up in a definite crystal structure out of regularly oriented molecules..% '* Thus 
far, however, no information is available from which it is possible to determine 
definitely whether the breaking of a clot under tension is the result of the rup- 
ture of needles in the fibrin mesh or of the separation of the individual fibers. 
In the one ease the orientation of individual molecules in a fiber, in the other 
the orientation of fibers in the mesh, would be the important factor in determin- 
ine the tensile strength of a clot. It is possible that both factors are involved. 

Attempts to eliminate the factor of variability when determining tensile 
streneth by modifying the method of preparing and testing the clots were un- 
sueeessful. For this reason the variability may have to be considered as an 
intrinsie property of the clots. It is a common observation in testing the elastic 
and mechanical properties of many substances that their stress-strain curves 
rise smoothly up to the neighborhood of the breaking point where they change 
their direction sharply. If such a phenomenon occurs in our clots, the measure- 
ment of their tensile strength is complicated by changes occurring during the 
breaking process. Accurate stress-strain curves are necessary to determine how 
important this type of phenomenon is in causing the variability of our data. 
On the other hand, the variability in the tensile strengths of plasma clots may 
also be affected by the complexity of the mechanism of fibrin formation and the 
conditions of its precipitation. 

The rate of thrombin formation may conceivably play an important role. 
(Quick? has pointed out that the amount of thrombin required to coagulate plasma 
in five minutes is only slightly greater than that required to produce the same 
effect in several hours. Nygaard!® by means of photoelectrie studies on the co- 
avulation of recalcified citrated plasma has shown that the duration of the 
period of fibrin formation increases when the time for the onset of coagulation 
is prolonged. This means that relatively minute differences in the rate of con- 
version of prothrombin to thrombin such as might be caused by minor differences 
in the amount of incidental injury to platelets in pipetting and manipulation 
may eause marked differences in the time required for the conversion of 
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fibrinogen to fibrin, perhaps with corresponding differences in the structure and 
arrangement of the fibrin strands, and consequently in the tensile strength of 
the clot. 

It is known that the pattern of crystallization of cuprie chloride as a re- 
sult of the drying of solutions mixed with hemolyzed blood varies remarkably 
with the blood of different individuals in different pathologie states.1% 7° It 
would, therefore, not be surprising should the pattern ot erytallization of the 
very much more complex fibrin molecule be found to be even more sensitive to as 
yet undetermined factors in the blood plasma. 


SUMMARY 

1. The mean tensile strength of plasma clots is proportional to the eross- 
sectional area of the tubes in which they are formed. 

2. The nature of the surface of the test tube in which clots are formed in- 
fluences the tensile strength of the plasma clots to a slight extent. 

3. The mean relative tensile strength of plasma clots formed at 10° C. and 
20° C. is lower than that of clots formed at 37° C. 


4. Plasma clots incubated aseptically at 37° C. with precautions against 


evaporation of fluids and dissolved gases gradually weakened during a testing 
period of eight days. 

Dd. By a comparison of the tensile strengths of groups of clots prepared 
from anticoagulant-containing plasmas by adding appropriate amounts of 
coagulants with the strengths of unmodified plasma clots prepared from the same 
blood samples, it has been demonstrated that : 


A. Clots prepared from unmodified plasma diluted with saline solution 
are weakened approximately in proportion to the amount of dilution. 

B. Clots prepared from unmodified plasma te which musele and lung ex- 
tract are added coagulate more rapidly than the controls, but are weakened bs 
more than the dilution factor. Lune extract reduces the tensile strength more 
than muscle extract. 

C. Clots prepared by recaleifying plasma obtained from citrated blood 
are weakened to an extent roughly proportional to the dilution of the plasma. 
Clots prepared by adding suitable amounis of the citrate and calcium ehloride 
in dry form to unmodified plasma are as strong as those prepared from un- 
modified plasma. 

D. Clots prepared by recalcifying plasma obtained from oxalated blood 
are weakened to a slightly greater degree than would be expected on the basis 
of dilution alone. Plasma to which oxalate and calcium chloride were added 
in dry form also yields clots which are weaker than their controls. 

E. Clots prepared by adding rabbit ‘‘Globulin”” to the plasma obtained fron 
heparinized blood are weaker than would be expected as a result of dilution 

I’. Clots prepared by adding protamine sulfate solution to the plasma ob 
tained from heparinized blood show no weakening as compared to the controls. 


We are grateful to Dr. A. S. Wiener for much helpful criticism. Thanks are also du 
to Dr. A. E. Sobel and Dr. H. Wagreich for their help. 
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LABORATORY METHODS 








GENERAL 


APPARATUS FOR CONSTANT RATE INTRAVENOUS INJECTION OF 
ULTRA SHORT-ACTING ANESTHETICS IN MICK* 


Mites H. Roprnson, M.D., NASHVILLE, TENN. 


HE apparatus to be described, consisting of a mouse holder and injeetion 

machine, was designed to facilitate constant rate intravenous injections in 
mice of ultra short-acting anesthetics. The mouse holder (Fig. 1) is modified 
from Burdon’s' design and consists of a wire and metal cage, hinged at the 
forward end (1) and held down at the rear by a lug (2) on the right side. The 
front is closed by a plate which adjusts lengthwise for different sized mice, and 
the back is made of another plate soldered to the cage and providing a hole for 
the tail. The mouse holder is mounted on a paraffined wood block, which is 
supported by a 7 inch length of ™ inch threaded iron pipe. Serewed over the 
pipe are two flanges, one facing upward and attached to the wood block by 
screws, and the other (3) facing downward and resting on the table top. The 
height of the holder is adjustable by screwing the bottom flange up or down, 
while rigidity is insured by a washer and nut on the pipe projecting beneath the 
table. Ordinarily a height is used which will just allow a 150 ¢.c. beaker be- 
neath the tail of the mouse. It is our experience that immersing the tail for 
about one-half minute in water at 45° C. gives the best dilatation of tail veins. 

The injection machines described in the literature °° are not very satisfac- 
tory for the ultra short-acting anestheties because of the presence of one or more 
objectionable features; namely, pulsating flow, uncertain control of rate, lack of 
provision for continuous variation between different rates over a wide speed 
range, and the difficulty of adaptation of the machine so that large numbers ot 
mice can be easily and quickly injected with small accurately measured volumes. 

The present machine (Fig. 1) consists of a source of power, variable speed 
device, flexible drive, screw, and syringe clamp. An inexpensive rim-drive 
phonograph turntable, which comes complete with synchronous motor, supplies 
the power. The turntable (79), from which the felt was removed by soaking in 
hot water, supports a steel wheel (78), on the rounded rim of which is cemented 
a wide rubber band (16). The axle (15) of this wheel rests in open slot brass 
bearings (14, 17) on each side of the turntable, and these slots are adjustabl 
vertically to permit the use of different sized wheels. A %4 inch length o! 


speedometer cable (12) is sweated into two sleeves, one of which (13) receives 


*From the Department of Pharmacology of the Vanderbilt University School of Medicin: 
Received for publication, Sept. 6, 1943. 
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the axle, while the other (17) slips over a short steel rod which is snugly fitted 
inside a double row ball bearing (10). This bearing (Fafnir No. 5200), Fig. 2, 
is held by a setserew inside a piece of steel pipe, which is counterbored to let the 
hearing in against a shoulder and tapped beneath for a supporting rod adjust- 
able for height. 

In the syringe clamp and screw assembly (Fig. 3), the plunger of a 4 cc. 
syringe is driven by a screw connected to the rod within the ball bearing by a 
1 foot length of fairly stiff flexible cable (7 in Fig. 1), held at each end in chueks 
(6, 9 in Fig. 1). Cable and chucks are Cenco No. 18812. The serew, 32 threads 
per inch, runs through a thread and is steadied by a small brass bearing. The 
svringe is held in a brass clamp which is fastened to the screw mechanism by two 
knurled nuts. A small spring bears lightly against the shaft of the plunger and 
helps to hold the latter fixed after adjustment of the dose has been made. Re- 
moval of the knurled nuts permits the syringe with its clamp to be detached for 
cleaning without disturbing the alignment, and with additional clamps, rapid 
interchange of several syringes containing different solutions is facilitated. 


PIPE 


DOUBLE SHORT STEEL ROD FITTED 
BALL BEARING ! TO BEARING AND SLEEVES 


SPEEDOMETER 
CABLE 


Fig. 2.—Cross section view of ball bearing, support, and drive shaft connections. 


The position of the injection machine platform relative to the mouse holder 
is adjusted so that the flexible cable (7) lies in a quarter cirele. This allows the 
right hand to lie under the cable and grasp the syringe from the right, while 
enough slack is left in the cable so that as the screw revolves it can take the cable 
forward. 

The dose adjustment is made by lifting the axle (13) to free the wheel (/5 
from contact with the turntable, running the serew back by hand, and drawing 
the solution into the syringe past the desired mark. Then the screw is similarly 
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run forward until the plunger reaches the exact mark, which can be attained 
within 1 or 2 thousands of a cubic centimeter. During this latter procedure, in 
order to avoid dosage errors, the syringe clamp and serew assembly (4) is held 
flat. In that position, it is then laid down on a cork ring (5), and the injection 
is made later without allowing the clamp to rotate to the left, since this would 
cause a premature ejection from the syringe. In practice, this preeaution has 


proved easy to observe. 


CLAMPS 
SPRING 


Fig. 3.—Syringe clamp and screw assembly. 


When the electric current is turned on by means of a footswitch, the speed 
ot the turntable reaches its maximum in about a second. If this lage should be 


found objectionable, it could be practically eliminated by mounting a solenoid 
under the right end of the axle (15), and with the turntable running continu- 
ously, by starting and stopping the injection through the vertical movement of 


the solenoid core acting to lower or to raise the wheel (78). The speed of the injee- 
tion can be varied over a range of from about 0.002 to 0.04 ¢.c. per seeond, by us- 
Ing two interchangeable wheels (18), 114 inch and 3 inches in diameter, and 
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varying the wheel position on the turntable. A steel mechanic’s rule graduated 
in 0.5 mm. divisions is quite satisfactory for determining the wheel position. Thi 
exact error in rate for rapid injections, lasting only a few seconds, is difficult to 
determine with a stop wateh; but with longer injections, for example, thirty 
seconds, the error is less than 2 per cent. 

At the end of injection, as the plunger seats home, the clamp begins to rotat 
clockwise in the hand, which insures a full dose and also acts as a signal to step 
on the footswitch and shut off the motor. There is very little danger of breaking 
the syringe or plunger, since the flexible components of the drive take up the 
shock, which if prolonged, merely causes the wheel to skid on the turntable. The 
only oeeasion on which a syringe plunger broke was when the syringe was noi 
well aligned with the serew. This alignment can be improved if necessary by 
shimming with small pieces of paper at the joint where the syringe clamp is at 
tached to the screw mechanism by the knurled nuts. It may be found necessary 
to grind off the head of some plungers or cement a small piece of cardboard on 
the head to true it up in relation to the adjoining face of the serew. 

This machine has been used in about 2,000 intravenous injections in mice, 


and presents the following advantages: (a) The dose can be quickly and ae- 


curately measured in a power-driven syringe which retains the necessary 
maneuverability for direct injection of tail veins. (b) The injection proceeds 
at a smooth and reproducible rate which can be varied continuously over a c¢on- 
siderable range. (¢) The machine is relatively simple and inexpensive to con- 
struct. 
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A NEW HEMATOCRIT TUBE 


SEDGWICK E. SmirH, PH.D.* 
IrHaca, N. Y. 


HE author has recently reviewed a publication on the anemia of flexed- 

tailed mice by Griineberg (1942) in which a new hematocrit tube was de- 
scribed. This tube has proved so satisfactory, and in some respects superior 
to the hematocrit tubes in common use, that it is thought wise to draw it to the 
attention of workers in this country. 

A diagram of this hematocrit tube is given in Fig. 1. The merits of this tube 
are that it requires such a small quantity of blood and that it has an enclosed 
end, and thus leakage during centrifugation, which so often occurs in the many 
modifications of the open end tubes, is completely prevented. The Wintrobe 
hematocrit tube also has a sealed end, but requires more blood than is often 
available from small animals or even large animals unless venepuncture is used. 
The size of the tube is such that it fits into a standard 50 ¢.c. centrifuge cup 
with a reducing cap. The capillary bore stem may be made in a variety of sizes 
depending on the amount of blood available. The author has two sizes for use in 
determining the packed cell volume of small laboratory animals. In one, the 
calibrated stem contains 20 ¢. mm., and the other 0.1 ¢.¢. to be used with 20 


e. mm. and 0.1 ¢.c. of blood respectively. The stem is divided into 50 equal 
parts, thus permitting the determination of the packed cell volume within 0.5 


per cent by estimating the nearest quarter of a division. The volume of the 
packed cells read directly from the stem of the tube multiplied by two gives the 
volume of red cells in percentage. If desirable, the stem may be ealibrated from 
0 to 10 instead of 0 to 5 as here indicated, in which ease the percentage of packed 
cell volume may be read directly. 

The method of the author has been as follows: Deliver about 3 ¢.c. of iso- 
tonic saline into the hematocrit tube by means of a syringe with a 5 inch, 18 
gauge needle which permits filling the tube from the bottom of the stem. If the 
hematoerit tube is a 0.1 ¢.c. one, deliver 0.1 ¢.c. of blood into the saline from 
a pipette calibrated to contain 0.1 ¢.e¢.; rinse the pipette two or three times 
with the saline and centrifuge to constant volume. Usually centrifuging at 
2000 r.p.m. for one hour is sufficient. The tube may be conveniently cleaned 
by flushing out the stem and cup by means of the syringe and long needle. 

Kor some time 0.85 per cent saline has been considered isotonic to mam- 
malian blood, but in ight of the recent work of Aldred (1940), this figure needs 
revision upwards. Aldred by use of the vapor pressure technique has deter- 
mined the osmotic pressure of the blood of various animals and found that in 
the majority of mammals 0.93 per cent saline is isotonic to blood. Griineberg 
found 0.93 per cent saline isotonic to mouse blood. Which one of the saline 
solutions selected is probably not as important as is a uniform use of one or the 


*Associate Animal Geneticist, U. S. Plant, Soil and Nutrition Laboratory, Agricultural 
Research Administration. 
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other, inasmuch as the centrifuge hematocrit is only a close approximation of the 
true red cell volume, and thus its use is for comparative purposes (Chapin and 


Ross, 1942 
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HEMATOCRIT TUBE 


Pug. 2. 


Several sets of hematocrit tubes have been made for the auther by Will 
Corporation, Rochester, N. Y., but any supply house should be able to furnisi 
them to order. For precise work, the tubes may be checked for aceuraey |) 


calibrating the stem with mereury. 
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RABBIT BOX* 


Harry J. Wick aNp JoHN A. Leiauty. Pu.D.. 
INDIANAPOLIS, INp. 


[* ORDER to facilitate the handling of large groups of rabbits in testing 
samples of human serum albumin for pyrogeni¢ activity, a rabbit box has been 
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designed which offers some worth-while advantages. The animal remains in the 
box throughout the period of observation without being disturbed and without 
any noticeable discomfort. Incidentally, this type of box is also quite useful for 
skin-testing experiments, injection work, and blood-sampling experiments. 


*From The Lilly Research Laboratories, Eli Lilly and Company. 
: The original idea for a box of this type was obtained while visiting the Massachusetts 
State Antitoxin and Vaccine Laboratory several months ago. 
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Kig. 1 shows a detailed drawing of the front of such a box, while Fig. 2 
shows a side view. Seven-eighths inch wood is used for construction, and the 
rounded edges as shown are made to allow the boxes to be placed against on 
another in a row. The entire top of the box is open as ean be seen in Fig. 3. 


A SIMPLE RAPID METHOD FOR PARAFFIN TISSUE PREPARATIONS 
UTILIZING THE KAHN SHAKER* 


Lit. COLONEL FrERDINAND CC. Henwic, M. C., . 


HE almost universal desire for rapid tissue diagnosis has resulted in numer- 

ous modifications of well-known methods of fixation, dehydratien, and 
paraffin infiltration. In the hands of many workers these modifications, designed 
to decrease the time element, have frequently resulted in incomplete dehydration 
and infiltration, making cutting difficult. Moreover, the sections, thus obtained, 
all too often have shown too much shrinkage, poor staining qualities, and other 
objectionable features. 

For some time now we have been employing a method in this laboratory 
which is not only rapid, but at the same time permits us to make histologic 
preparations that are easily sectioned and when stained show remarkably little 
shrinkage, less in fact than we have observed by the slow methods. Furthermore, 
we have eliminated certain common, more or less standard, steps which have like- 
wise accelerated the preparation of very satisfactory sections. 

It is possible by this method to make excellent sections, ready for examina- 
tion within five to six hours after the tissue is received in the laboratory in the 
fresh state. 

DESCRIPTION OF METHOD 

Blocks not over one and one-half millimeters thick or one and one-half 
centimeters in diameter are cut from the tissue to be processed. If the tissue 
is fresh and unfixed, it can be suitably hardened by shaking it in the Kahn 
shaker in 20 per cent solution of formaldehyde for twenty or thirty minutes. 
We have been using small twenty cubie centimeter black screw-topped elass vials 
eight centimeters long and two centimeters in diameter. These vials are placed 
horizontally in the Kahn shaker so that the tissue will undergo constant agitation 
and will also be subjected to the largest, constantly changing, volume of fixing 
or dehydrating agent possible. If great haste is essential some time may be 
saved by immediate fixation in hot 4 per cent formaldehyde, but this method is 
undesirable since undue shrinkage and distortion result. Routine material 
ean be fixed in the usual manner in 4 per cent formaldehyde solution for eighteen 


to twenty-four hours. 


*From the Laboratory Service Army Air Forces Regional Station Hospital 1, Co! 
Gables, Fla. 
Received for publication, Sept. 28, 1943. 
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After fixation the tissue blocks are blotted and the following solutions are 

employed : 
SOLUTION TIME 

95 per cent Ethyl! alcohol 30 minutes in Kahn shaker 
Absolute alcohol 15 minutes in Kahn shaker 
Acetone 15 minutes in Kahn shaker 
Chloroform 30 minutes in Kahn shaker 
Chloroform and soft paraffin (equal parts) 60 minutes in 57° C. ineubator 
Hard paraffin 60 minutes in 57° C. incubator 


Absolute alcohol should be employed no more than three times and may then 
be used in place of 95 per cent aleohol for the first dehydration. Acetone should 
be used no more than three times. It may then be dehydrated over anhydrous 
copper sulfate and used over and over again. 

The containers used for the fixing and dehydrating solution should contain 
at least fifteen eubie centimeters of the reagent for each tissue block. Tissues 
are embedded in hard paraffin nine parts and bayberry wax one part. <A long 
block is made using a double ‘‘L’’ type lead embedding box. No fiber blocks are 
necessary since the paraffin bayberry wax mixture, when hardened into a block, 
ean be screwed into the microtome and the blocks section easily. Routine see- 
tions are cut in our laboratory at six microns. Sections are then affixed to glass 
slides in the usual manner and stained by any of the methods suitable for 
paraffin preparations. 

Comment.—The procedure just described is suitable for both surgical and 


necropsy material; it is saving of reagents and is rapid. In our hands this 


method has yielded uniformly good results over a long enough period of time 
and with a sufficiently wide variety of tissues to convinee us that it is suitable for 
more widespread application. 





A MEDIUM FOR DETERMINATION OF CITRATE UTILIZATION 
BY COLON BACTERIA* 


Capt. W. BLAKE CHRISTENSEN,t U. S. ARMY 


URING an investigation of certain unclassified dysentery bacilli in Tunisia, 
North Africa, it became desirable to test the reactions of the organisms on 
media containing citrate as a sole source of carbon. Since neither Simmons’ 
citrate nor Koser’s citrate nor the materials to make them up were available, 
it was necessary to devise a modification. A medium of the following composi- 
tion was found suitable: 
Ammonium sulfate (Merck Reagent 
Magnesium sulfate (Merck U.S.P.) 
Monopotassium oO} dipotassium phosphate ( Merck 
Sodium citrate (Merck U.S.P. 
Sodium chloride (Merck Reagent ) 
Agar 20. 
Phenol red 0.012 
Distilled water 1000 e.e. 


The medium is heated to dissolve the agar, and the reaction is adjusted 
to pH 7. If monopotassium phosphate is used, alkali must be added, but if the 
dipotassium salt is used, acid must be added to bring the pII to 7. The medium 
is tubed and sterilized at 15 pounds pressure for twenty minutes and allowed 
to solidify in the form of slants. The fresh medium has a pale, vellow-orange 
color. If a liquid medium is desired, the agar may be omitted. 

Organisms which utilize citrate as a sole source of carbon produce, within 
twenty-four hours on the solid medium, a yellow color in the butt and a very 
striking, intense violet color on the slant. Organisms which fail to utilize citrate 
leave the medium unchanged. In the liquid medium, citrate-positive organisms 
produce acid within twenty-four hours, with perhaps a narrow alkaline zone at 
the top of the tube. Within forty-eight hours, however, the entire body of the 
medium changes to the characteristic intense violet color. The presence of the 
indicator in the liquid medium eliminates the necessity of estimating growth 
by turbidity, as was done in the original Koser medium, and as large an inoculum 
as desired may be used. 

Both liquid and solid media have been tested with 162 different strains of 
nonpathogenic and pathogenic colon organisms. The results are shown in Table 
I. It is seen that only organisms of the Aerobaeter and colon intermediate 
groups, and Salmonella typhi murium utilized the citrate. Organisms of thie 
Escherichia, paracolon Escherichia, and Shigella groups, and Eberthella typhosa 
failed to utilize the citrate. In the anaerogenie paracolon group only eitrate- 
negative organisms were found, no doubt because of the small number of strains 


tested. 


*Published with the permission of the Surgeon General, U. S. Army. 
Received for publication, Sept. 30, 1943. 
{Chief of the Bacteriology Section, Sanitary Corps. 
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Though it would have been desirable to check organisms of the colon inter- 
mediate and the anaerogenic paracolon groups with standard citrate media 
to determine the possibility of false reactions, it was manifestly impossible to do 
so. However, the uniform negative results obtained with organisms known 
to be citrate-negative and the positive results with organisms known to be 


citrate-positive are ample evidence of the reliability of the medium. 


TABLE I 
CITRATE UTILIZATION BY COLON ORGANISMS ON THE MODIFIED CITRATE MEDIUM 
NO. OF STRAINS | ITRATE VOGES- 
ORGANISM elapse —— INDOLE — 
TESTED UTILIZATION PROSKAUER 
Escherichia 16 
Paracolon Escherichia 
Colon 
Intermediate 
Aerobacter 


Anaerogenie paracolon 


Various Shigella 
Species 
Salmone lla typh i 
murvum 
Eberthella typhosa 
Nega tive. 
+ Positive. 


Considerable stress has been placed on the utilization of chemicals of the 
highest possible purity in a citrate medium. For this reason, some objection may 
be made to the use of the two U.S.P. salts in the medium. However, even if the 
impurities consisted entirely of a compound utilizable by citrate-negative organ- 
isms, and if the utilization brought about the same type of reaction as true citrate 
fermentation (assumptions which are in themselves very unlikely), there still 
would not be enough of the contaminating compound present to produce enough 
alkali to change the color of the medium. Impurities would hardly be present in 
a concentration to exceed 0.0005 M. (based on stated impurities in the Merck 
Index, 1941). Such a concentration is well below the known affinity constants 


of enzymes, and the compound would not be used at all, or would be used so 


slowly that appreciable growth would not take place. 

The medium described consists of materials that are cheap and readily 
available in most laboratories. While it will probably not replace standard 
media on the market, it will fill the needs of laboratories which use such a 
medium rarely and thus have no reason to lay in a stock of the prepared product. 





A MULTIPLE RABBIT HOLDER* 


‘ 


Epwin P. Laue, Pa.D., Wasutnaron, D. ¢ 


l* STUDIES requiring the immobilization of rabbits for extended periods, 
it has often been found that the usual methods are undesirable, because they 
may produce either (1) stasis from the tie strings (even when padded) ; or (2 
broken legs and backs due to struggling. 

These difficulties have been overcome through the design of a holder which 
immobilizes the animal after the manner of a head and hip stock, but without 
restriction to the movement of fore or hind limbs. The animal rests comfortably 
on its belly; but because of the fact that its hind quarters are held rigidly, no 
leeway is permitted for sufficient arching of the back or other motion to cause 
injuries which so frequently result. The type of holder described here has been 
in use for nearly two years; during this time approximately 2,500 rabbits have 
been kept in the holders for periods varying from one to twenty-four hours. 
In this extensive experience, practically no injuries have resulted when the 
animals were properly placed in the stocks; occasionally accidents have occurred 
where the confining jaws were improperly adjusted so that the animal managed 
to free either the head or the hips. Constructional details: In Fig. 1 are repro- 
duced the constructional details for a 6-rabbit holder. For long service the use 
of a hardwood such as birch or maple is recommended, particularly in those parts 
subject to frictional wear. It is not desirable to describe the construction in any 
detail, since it is believed that the pictures and drawing are self-explanatory. 
Several features, however, may well be stressed : 

The head piece is stationary, being part of the framework of the holder. 
Both jaws of the head piece are removable, and this facilitates cleaning. In 
practice it has been found most essential that the lowest point in the opening of 
the lower jaw piece be fixed not higher than one inch above the table level upon 
which the animal rests; otherwise the head is elevated too much and choking 
results. Adjustments for size of the head opening are made by locking the 
upper Jaw piece in proper position through a series of nail holes, one of which 
passes through the stock frame. The hip stock is adjustable for the size of the 
animal’s hips in a manner similar to the head stock. In addition, however, the 
entire hip stock is movable forward and backward, sliding in two groove tracks, 
one on each side. Thus adjustments for the length of the animal can be made 
quickly. As in the case of the lower jaw piece of the head stock, it is very 
essential that the lowest point of the lower hip jaw be not further than 14 to °4 
inches above table level. Failure to observe this dimension leads to serious con- 
striction, and bladder injury often results. The cpenings of the head and hip 


jaws have been adjusted to accommodate animals weighing 2 kilograms or over. 


*From the Division of Pharmacology, Food and Drug Administration, Federal Securit} 
Agency. 
Received for publication, Oct. 9, 19438. 
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The shape of the fixed lower jaws of both head and hip stocks will aceommodate 
animals weighing over 5 kilograms. For small animals, the top jaws of both head 
and hip stocks have been made reversible (see Fig. 1). For very small rabbits 
(less than 2 kilograms) further modification of the shape of the top jaws would 
be necessary. 

The belly of the rabbit rests on a framework of 5 dowel pins. This feature is 
extremely useful where fluids are applied to the skin of the back. Sometimes 
these tend to run off and without the open construction would collect under the 
belly of the animal. 

At the back of the holder, provision for removal of excreta has been made 


by installing a removable drain board as shown. Quantitative collection of urine 


and feces can, of course, also be made by substituting for the drain board a slid- 
ing rack for glass baking dishes and a baffle for deflecting urine. 

The length of time that an animal can be kept immobilized becomes primarily 
a problem of a need for food and water. Usually rabbits will not eat volun- 
tarily when thus confined. While held in the holder, however, it is relatively 
easy to pass a stomach tube. 

While the author has had no experience with other animals, it would seem 
feasible to modify the sizes of the head and hip jaws to accommodate dogs and 
eats. 





A RAPID METHOD FOR ESTIMATING THE BACTERIOSTATIC 
ACTIVITY OF DISINFECTANTS* 


W. A. Ranpauy, Pu.D., ann C. W. Price, A.B., Wasuinaton, D. C. 


HE ability of certain bacteria to reduce nitrate to nitrite rapidly has been 

known for some time. Stickland,' in 1930, demonstrated this phenomenon in 
Escherichia coli cultures, and Randall and Reedy? later found that many bae- 
terial species possessed this property. Inasmuch as reduction occurs only during 
the active growth phases, it may be assumed that immediate injury to the cell 
would result in changes which might be reflected in the reducing ability of the 
culture. With this in mind, investigations designed to illustrate effects of 
bacteriostatic agents upon the cell’s ability to reduce nitrates were conducted, 

The procedure consisted merely of allowing various dilutions of the anti- 
septic being tested to remain in contact with a broth culture of the test organism 
for a period of time, adding KNO., and, after an ineubation period, testing for 
the presence of nitrite. The organism used was Staphylococcus aureus, EDA 
strain 209. 

A twenty-four hour broth culture of the test organism is added in 0.5 ¢.c. 
portions to 0.5 ¢.¢c. of serial twofold dilutions of the antiseptic in small test tubes 
and permitted to remain in contact at room temperature for five minutes. ‘Two- 
tenths milliliter of 1 per cent aqueous solution of potassium nitrate is added; 
the tubes are thoroughly shaken and ineubated at 87° C. for thirty minutes. 
To each tube 0.2 «ec. 6/N HCl, 0.2 ¢.c. of 0.1 per cent N(J-naphthy!) ethylene 
diamine dihydrochloride, and 1.0 ¢.c. of 0.2 per cent p-amino benzene sulfonamide 
(sulfanilamide) are added, and five minutes are allowed for the red coloration to 
develop, which action occurs in the presence of nitrites. The highest dilution in 
which nitrite production has been completely inhibited is recorded as the end 
point. 

Bacteriostatie activity is determined at the same time by the use of 0.5 ¢.c. 
of a similar twofold dilution of the antiseptic in FDA broth and by the addition 
of 0.5 e¢.c. of a one to one-million dilution of the test organism as inoculum. The 
tubes are incubated at 37° C. for forty-eight hours, and the highest dilution 
showing complete inhibition is recorded as the bacteriostatic end point. All of 
the broth in tubes showing complete inhibition is then subcultured to determine 
the lethal concentration. 

Many commercial compounds were examined by the foregoing methods, and 
the correlation was found to be very close, considering the error inherent in the 
twofold dilution system. A nitrate-nitrite reduction bacteriostatic ratio ap- 
parently exists and can be determined for each type of compound. By apply- 
ing this factor, one can determine with reasonable accuracy the bacteriostatic 


end point. 


*From the Food and Drug Administration. 
Received for publication, Oct. 10, 1943. 
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Table I reports the results from the examination of twenty-seven disin- 
fectants to illustrate the correlation between the nitrate reduction factor and 
the bacteriostatic and lethal end points. The disinfectants reported as Class 
‘A”’ are the quaternary ammonium compounds of the three main types, and the 
class ‘‘B”’ are the newer phenolie type disinfectants. 


TABLE | 


CLASS ° 
FACTOR 


SAMPLE NITRATE 9 7 ° 
? | i INHIB. LETHAL NO. 9 NO. 0 
NO. TITER 


INHIB. LETHAL 
1 5 LO0O0 S2000 16000 bet 4 
6-11 1000 32000 32000 S S 
12-14 | 2000 16000 16000 8 S 
ASS °°B 
$000 S000 S000 
POOR SOOO S000 


1000 000 LO00 
P2000 SOOO SOOO 


Inspection of Table I reveals that in any given class and type of compound 
a nitrate-reducing bacteriostatic or nitrate-reducing lethal factor which remains 
constant for that particular type of disinfectant can be determined. Sample 
No. 10, of Type 2, Class ‘*B,’’ represents a disinfectant which failed to meet 
the Federal specifications under which it was purchased. The lack of disin- 
fectant power is reflected in the inhibition of nitrate reduction, however, to the 
same extent as in the bacteriostatic activity, and the factor remains the same 
for the members of this particular group which were of standard strength. 

In the course of the investigation, many other disinfectants were examined, 
and their ability to inhibit nitrate reduction was found to correlate with their 
bacteriostatic powers. An antiseptic containing nitrites would of course in- 
validate the test for that particular compound, but as yet none has been en- 
countered, nor have any disinfectants contained ingredients which gave color 
reactions with the reagents employed. 

Three practical uses of the test, as described, suggest themselves : 

1. In bacteriostatic studies on similar chemical compounds, as a rapid 
method of eliminating weakly bacteriostatic substances. 

2. In sterility control as a preliminary test for bacteriostatic activities of the 
product being examined. 

3. As a possible control test during the manufacture of disinfectants and 
antisepties. 

Summary.—A rapid method is described for the estimation of the general 
bacteriostatic and bactericidal efficiency of antisepties, in which the ability of 


the antiseptie to inhibit nitrate-nitrite reduction is determined. 


REFERENCES 
. Stickland, L. H.: The Reduction of Nitrates by Bact. Coli, Biochem, J. 25: 1548, 1930. 
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A SOLID MEDIUM FOR THE TRANSPORTATION OF DELAYED 
GONOCOCCUS CULTURES* 


NeLL HirscuperG, Pu.D., Rateigu, N. C. 


HE provision of reasonably adequate facilities for gonococcus cultures in 

a state laboratory requires the solution of several problems: First of all, 
the establishment of reliable local laboratory service and, second, the develop- 
ment of a method for sending gonococeus cultures through the mail. The former 
depends on a simple method for teaching technicians, many of whom are not 
familiar with bacteriologie procedures, to do such work. The latter depends on 
the establishment of a method for keeping the gonocoeei alive and holding back 
contaminating organisms. Many such methods have been described, using 
special liquid media, ice or dry ice refrigeration, or ‘*‘thermos’’ bottle con 
tainers.*» 4, 5, 8, 9, 11, 12, 13, 19, 21, 24, 26 

It is well known that diagnosis of gonorrhea in the male ean be made }) 
examination of suitable smears. In the female, however, especially in chronic 
or treated cases, a few doses of sulfonamide may render the smears negative, 
while many viable organisms are present, or the large number of contaminating 
bacteria may interfere with the interpretation of a smear, even if care is taken 
to take these smears from the cervieal canal. 

The value of gonococcus culture is well known. Thomas?*-** has summarized 
this work through 1941. Even with the relatively ineffective means now avail 


able, cultures vield two to three times as many positive diagnoses as smears in 


ehronic or treated female cases.'4: 1°: 1 1 2° 29 


North Carolina is a rural state, approximately 550 miles wide, with con 
siderable variations in temperature, ranging from zero in the mountains in 
winter to 105° EF. during the summer. While 87 of its 100 counties have 
organized full-time health departments, most of the culture material will come 
from well-trained physicians in urban centers, country doctors and nurses in 
rural centers, and will take from two to three days to reach the laboratory. 

For this reason, it seemed inadvisable to use liquid medium or to refrigerate 
specimens with ice or dry ice. We have, therefore, attempted to develop a 
suitable solid medium in tubes to be inoculated with material collected on full 
size applicator swabs. This paper is a_ preliminary report of the results 
obtained using such a medium. 

Preliminary work was done on 25 specimens, secured from untreated 
prostitutes from the Woman’s Prison in Raleigh and from nearby clinics 
sufficiently close to Raleigh that the specimens might be brought by messenger. 
Later, 117 specimens were secured from 85 patients in a well-directed Gonorrhical 
Clinie, conducted by Dr. Margery J. Lord, City Health Officer, Asheville, N. ©. 
some 270 miles from Raleigh. It was felt that cultures which could survive 


*From the North Carolina State Laboratory of Hygiene. 
Received for publication, Oct. 25, 1943. 
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this long trek across the country in the mails should be a fair test of a method 


suitable for the entire state. 

The mailing media consisted of numerous combinations of blood with and 
without the addition of dyes and other substances to inhibit contaminants.” * 
“121 Hach one was tested for mailing qualities, inhibition of contamina- 
tion, and preservation of the gonocoeeus. Those combinations containing less 
than 1 per cent agar did not stand transportation and were eliminated. In 
the development of the media various concentrations of gelatin and agar were 
tried, the former ranging from 2 per cent to 24 per cent, the latter from 0.1 
per cent to 2.5 per cent. Agar by itself is too brittle; when a swab is introduced 
into it, even if the medium contains up to 50 per cent blood, the agar is broken 
up with large air spaces resulting. It was found that the addition of 4+ per cent 
gelatin to 2 per cent agar produced a medium of smooth composition, regardless 
of the quantity of blood, into which a swab ean be introduced and withdrawn 
with ease. 

Kach mailing medium was tested with a known strain or several known 
strains of the gonococcus. The media containing inhibiting agents were tested 
with known cultures of the colon bacillus, Staphylococcus aureus, and proteus. 
Concentrations of dve whieh do not kill the gonoeoceus are for the most part 
ineffective against the latter organisms. Almost all the combinations showed 
some inhibition of contaminants but did not exhibit the marked inhibition which 
is probably desirable. A few tests were made with tyrothricin® *? whieh 
seemed no better or no worse than Nile blue A."° Crystal violet of suitable dve 
content as suggested by Cox*® was tested also, and a few tests using brilliant 
green, alone or in combination with the other dyes, were tried. (Dr. Cox very 
kindly sent us some of his media to trv.) It seems that the degree of con- 
tamination in the final cultures depends more upon the bacterial flora of the 
patient than upon the inhibiting agent used. The isolation of the gonocoecus 
was made both from heavily contaminated and _ slightly contaminated plates. 
We do not know how much the contaminants interfere with the preservation 
of the gonococeus. It does not seem that sulfonamide treatment of the patient 
Para- 


interferred to any large degree with the isolation of the organisms." 
amino benzoie acid was introduced into one set of mailing media, but better 
results were obtained without this addition. The medium which we have finally 
determined as the most suitable to date consists of the following: proteose-agar 
No. 3 (Difeo), 4.5 per cent plus additional shredded plain agar to make a final 
concentration of 2 per cent, + per cent gelatin, 0.24 per cent Nile blue A, and 
20 per cent chocolate blood. The medium is very smooth, easy to penetrate with 
a swab, and supports the growth of the gonococeus luxuriantly. It seems to 
be more satisfactory with Nile blue A than with gentian violet, tyrothricin or 
brilliant green, although it must be stressed again that all evidence in our 
Series of cultures point to the facet that no satisfactory bacteriostatic agent has 
yet been tested, the degree of contamination depending for the most part upon 
the patient’s vaginal flora. 

Cultures and smears were taken as the patients were examined in the 
routine Friday night Asheville Gonorrheal Clinie. (We are grateful to Dr. 
Lord for this clinical material.) Some of the patients were new acute eases, 
some were under treatment, others were recurring cases which had received 
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treatment sometime before, and a few were new contacts. Swabs were taken 
from the urethra, using pressure on the Skene’s Glands to milk out any material 
present. Smears and cultures were made from these swabs. A speculum was 


then inserted in the vagina, the cervix cleaned off with a eotton swab, the 


mucous plug in the cervix expressed, and another smear and culture were made 


with a swab from the cervieal canal. The elinieal condition of the patient was 
carefully noted.’ This procedure is followed routinely in the elinie and gives 
approximately three times as many positive cultures as smears.’® To test the 
mailing media, additional swabs were taken from the cervix and in some 
instances also from the urethra, using sterile forceps to break off the swabs and 
push them down into the mailing tubes. 

After the elinie, that is about ten o’elock at night, these mailing tubes 
were labeled and packaged to be sent through the mail the next morning to the 
State Laboratory of Hygiene in Raleigh. Occasionally the package was _re- 
ceived at the laboratory on Sunday, in which case cultures were made immedi- 
ately. Generally, however, the tubes were received following the sorting of the 
mail on Monday and were cultured Monday afternoon, approximately three 
days after the swabs had been taken from the patients. In one series five days 
elapsed. In the group of cultures tested before this routine was established in 
the Asheville Clinic, specimens remained in the mailing media from twenty-four 
hours to six days. The mail between two points probably never takes that long, 
but cultures were purposely held in the laboratory to see how long they would 
remain positive. 

The swabs were removed with sterile forceps, streaked onto Peizer’s 
medium’* and onto chocolate agar® plates. These plates were sealed in a jar 
containing a moist piece of cotton and a lighted candle and ineubated for two 
days at 36° C. Some of the swabs were suspended in 1% ¢@.c. of 2 per cent 
proteose peptone No. 3 solution, well-shaken, and cultures were made from this 
suspension. It was noted that growth on the surface of some of the mailing 
media looked suspicious for the gonococcus, and so these tubes were ineubated 
in the jars with the subeultures after the swabs had been removed and were 
tested by the oxidase reaction two days later. A few positives were obtained 
by this method. 

After forty-eight hours, the plates were examined by means of the oxidase 
reaction and Gram-stained smears. Doubtful strains were tested by fermenta- 
tion reactions. The plates were read carefully for the degree of contamination 
as well as for the number of positive colonies which in most cases was low, 
occasionally one or two oxidase positive colonies only appearing on the surface 
of the plates. The results obtained in this laboratory were checked against 
those control cultures and smears which had been made in the Asheville City 
Health Department Laboratory at the same time. 

Table I shows the results from our series of 142 cases. Of the 25 specime! 
received by messenger from patients presumably with gonorrhea, 10 show: 
immediate positive control cultures, while 8 delayed cultures were positive, 
after one, 3 after two, 1 after three, and 1 after four days. Most of th 
remained on the desk in the laboratory for the specified period of time, whi!e 
a few were mailed in from near-by towns. 





HIRSCHBERG: TRANSPORTATION OF DELAYED GONOCOCCUS CULTURES 317 


Forty-four specimens from eases of acute gonorrhea diagnosed by positive 
smear and culture were mailed to the laboratory. The immediate control cul- 
tures of the 44 cases were positive, and 31 of the delayed cultures were positive, 
2 after two, 20 after three, 6 after four, and 3 after five days in the mail. 

Sixty-nine mailed specimens were received from cases of chronie or treated 
gonorrhea. None of these showed positive immediate control cultures, 12. of 
them showed positive cultures from the specimens which were mailed to the 
laboratory, 2 after two and 10 after three days. These 12 positives possibly 
may be accounted for by the fact that the mailing medium may absorb some 
of the drugs used in treatment which may be affecting the direct growth of 
the gonocoecus, or by the fact that in these cases there are present only a few 
gonocoeei Which may be picked up on one swab and not on another or may even 
have been missed on the direct cultures. Four cultures from clinically negative 
contacts were negative throughout. These results indicate that the mailine 
medium is quite satisfactory for isolating the gonococcus after several days 
have elapsed. Since the greatest number of cultures reached the laboratory 
in three days, this accounts for the seemingly large number of positives obtained 
in that length of time. In the series of 117 mailed cultures, a total of 16 were 
received in two days with 3 positive isolations, 73 were received in three days 
with 31 positive isolations, 13 were received in four days with 7 positive isola- 


» 


tions, and 15 were received in five days with 3 positive isolations. 
TABLE I 


NUMBER OF IMMEDIATE | 
= oo | PIAGNOSIS | mgt hen DELAYED CULTURES 
CASES CULTURES 


i. DAY OF CULTURE 
NEGA . " ce : 


NEGA- | POSI 
TIVE | TIVE | TIVE 


25 Messenger Presumably 
Specimens gonorrhea 

44 Mailed Acute gonor- 
Specimens rhea 

69 Mailed lChronie or 
Specimens | treated gonor 

| rhea | 
t Mailed Contacts-Clin- 
Specimens ically Nega- 





142 Total 


SUMMARY 


A solid medium suitable for the transportation by mail of specimens for 
gonococcus culture has been deseribed with the preliminary report on the use 
of sueh a medium. This solid medium stands transportation, is simple to 
use, and gives a fair percentage of isolations of the gonococcus. 
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CONVENIENT ASSAY METHOD FOR PENICILLIN AND SIMILAR 
SUBSTANCES* 


Use of LARGE PLATES AND FILTER PAPER CIRCLES 


JEANNE A. Epstern, B.S., E. J. Fotey, ISABEL PERRINE, B.M.. AND 
S. W. Lee, Po.D., New Brunswick, N. J. 


HK agar cup method for evaluating the antibacterial poteney of solutions 

is favored by many because of its simplicity and reliability. The procedure 
deseribed here retains the advantages of this standard method. 

The details of determining unitage of penicillin by the agar cup method 
(using Petri dishes) have been adequately deseribed by Abraham et al. (1941), 
Koster (1942), and Foster and Woodruff (1948). The estimation of poteney 
in penicillin solutions by the Oxford eup plate method, as earried out at the 
present time, involves the use of many Petri dishes in order to observe the 
extent of zones of inhibition over a suitable range of dilutions. 

In an attempt to diminish the time and labor involved both in condueting 
the test and in the preparation of glassware, we have adopted the use of flat 
Pyrex baking dishes as culture dishes. Dishes of two sizes have been used, 
614 inches by 1014 inches by 2 inches and 1214 inches by 8 inches by 2 inches, 
the latter size proving the more convenient. These are fitted with plate glass 
covers cut to the proper size and fastened to the plate flanges with cellulose 
tape before incubation is begun. 


PROCEDURE 


The smaller plates are prepared by pouring into them 100 ¢.e. of melted 
cooled agar seeded with 0.3 @.c. of an 18-hour eulture of the Oxford test strain 
(Staphylococcus aureus strain H). 

The larger culture dishes are made with 147 ee. of agar and a 0.45 ¢e. of 
the above inoculum. Satisfactory results have also been obtained using agar 
seeded with Bacillus subtilis spores according to the method of Foster (1942). 
Evaporation of excess moisture from the surface of the agar before use can be 
accomplished by inverting the plates and propping them open with a cork 
placed between one edge and the lid. 

Tests are carried out by a wet filter paper method similar to that of 
Lamanna and Shapiro (1943). Sterile 1 em. cireles of an absorbent filter paper 
(Fisher No. 9-795) are dipped with flamed forceps into tubes containing the 
diltitions of penicillin to be tested, drained momentarily against the side of the 
tube and placed in rows at suitable intervals on the agar surface. <A similar 
method has recently been used by Dowdy et al. whose work was cited by Foster 


and Woodruff (1943). 


*From the Wallace Laboratories, Inc. 
Received for publication, Oct. 26, 1943. 
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A standard of known unitage is run on each plate as a control. We hav 
found that the zone of inhibition produeed by a 1 em. filter paper circle impree 
nated with fluid containing 1 Florey unit per ¢.c. is somewhat less in diamete: 
than that resulting when the Oxtord cup plate method is used with the same 
standard, being, in our ease, about 18 to 20 mm. The diameter of the filter 
paper is Included in measuring the zone of inhibition. 

A number of advantages are inherent in the use of the present method other 
than the ease of preparation of sterile apparatus. Testing numerous samples 
on the same culture surface increases the over-all uniformity of the assay method 
Experience has also shown that the zones can be measured more quickly, there 
being more on each plate. A larger number of samples can be assaved by this 
method than by other methods hitherto described, there being comparatively 


little time consumed other than in makine dilutions. 
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PERMANENT METACHROMATIC STAINING OF GASTRIC MUCUS 
SMEARS* 


MaNrRED Hess, M.D., AND FRANKLIN HoLLANpEeR, Pu.D., New Yorn, N. Y. 


Hi staining of different tissue components in different colors by a single 

dye is called metachromasia. Thus, if a dilute solution of a basic dve like 
toluidine blue is used to stain a tissue section, some of the components will be 
stained blue, whereas others, called chromotropice, will be stained purplish red. 
Typical examples of metachromasia are afforded by mucin, cartilage, amyloid, 
and the material constituting mast cell granules. The obvious advantage of 
metachromatic staining lies in the fact that it furnishes a degree of differentia- 
tion by means of one dve alone; the outstanding difficulty encountered with this 
technique is its lack of permanence following dehydration, a difficulty whieh is 
recognized in all textbooks of histologic technique. In our experience with the 
usual technique, applied to smears of mucous secretion, even air drving resulted 
in immediate conversion of the metachromatic purple to an undifferentiated blue. 
After numerous trials we finally evolved a technique which overcomes this diffi- 
culty, and we are reporting our method herewith. 

The principles underlying metachromasia have been investigated mainly 
by Lison,* who found that sulfuric acid esters of high molecular weight are 
the most potent chromotropie materials. For instance, heparin appears to be 
responsible for the metachromatic staining of the mast cell granules (Holmeren 
and Wilander?) ; mucoitin and chondroitin sulfuric acids are the groups. re- 
sponsible for the chromotropie properties of mucopreteins found in mueus and 
cartilage. The protein moiety of the mucoproteins appears to exert no influence 
on the chromotropie character of these substances. The reaction is so specific 
that, aeeording to Lison, it can be used as a histochemical test for the detection 
of the presence of these characteristic groups. Efforts to understand the nature 
of this color change have not been successful, however. Lison believed that there 
exists in the dye solution an equilibrium between the metachromatie and the 
normal forms, but he did not try to define the chemical basis for this differentia- 
tion; contact with a chromotropie substance can shift this equilibrium towards 
the metachromatic side. Other explanations have been based on differences in 
dye concentration between the two forms (Bank and Bungenberg de Jong’) and 
intramolecular rearrangements (Kelly and Miller*). None of these investigators, 
however, was able to explain the disappearance of metachromasia which results 
froin treatment with aleohol or from drying. 

It was our purpose to find a method for staining smears of gastric mucus 
so that the cellular struetures would be visible by contrast against the back 

*From the Laboratories of The Mount Sinai Hospital. 
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ground of mucous material. Mucicarmine alone affords no such differentiation, 
and when used after nuclear staining with hematoxylin, the counterstaining is 
erratic and generally unsatisfactory. Metachromatice staining with the usual 
toluidine blue technique vielded satisfactory contrasts in wet preparations, but, 
in keeping with general experience, the metachromatic color disappeared as soon 
as the smear was dried or treated in the usual way for mounting in Canada 
balsam ; since we were no more fortunate than other investigators in formulatine 
an hypothesis to explain this loss of metachromasia, we approached the problem 
in a purely empirical way and finally succeeded in evolving a technique for the 
preparation of permanent metachromatically stained smears of gastrie mucus. 
Specimens thus stained ten months ago still retain their characteristic meta- 
chromatie stain. 

Our procedure is as follows: Smears of fresh mucus, collected from gastric 
pouch dogs, are left to dry at room temperature and then fixed by flaming. 
The slide is then placed in the staining solution, where it is agitated vigorously 
for fifteen seconds and then left undisturbed for one minute more. The stain- 
ing solution is prepared as follows: 1 Gm. of toluidine blue (National Aniline, 
certified) is dissolved in 90 ¢.c. of distilled water and filtered; to it are added 
0.50 ¢.c. of HC] (specific gravity 1.18), 0.90 ¢.e. of H.SO, (specifie gravity 1.84). 
and 10 ¢.c. of a 1 per cent solution of alum; finally 5 ¢.c¢. of 95 per cent alcohol 
are added to the entire mixture. Irom the staining solution the slide is taken 
through two changes of 1 per cent HCl] (1 ©. of HCl, specifie gravity 1.18, to 9 
c.c. of distilled water), being washed for about ten seconds in each change so 
that no more dye comes off the slide. The slide is then immersed for one minute 
in a 5 per cent aqueous solution of HeCl,, washed vigorously in two changes of 
95 per cent alcohol (five seconds each), and cleared in two changes of xylol. 
The slide should be agitated vigorously in the first change of xvlol to eliminate 
the aleohol. Complete removal of the aleohol has occurred when the temporary 
blue discoloration caused by the aleohol treatment is replaced by a purple color. 
The slide is left for at least two minutes in the second ehange of xyvlol. Finally, 
the smear is mounted in Canada balsam and a cover slip is applied. 

The mucus is spread on the slide gently with the aid of a glass rod, thus 
avoiding disruption of groups of cells and expression of intracellular mueus. 
The use of chemical fixatives at this stage was discarded after repeated trials 
with various agents. Formalin and Susa fixative both prevented metachromatic 
staining, saturated HgCl, removed material from the slide and impeded the 
fixation of the dye after staining, acetic acid distorted the mucus by irregular 
shrinkage, and alcohol caused deformation of the nuclear material. 

Mild acidification of the dye solution with hydrochloric acid yielded a 
marked increase in color contrast between the mucus and the nuclear material, 
but excessive acidification led to shrinkage and destruction of the nuclei. Cor- 
responding intensification of contrast was not obtained with other acids; acetic 
acid, on the contrary, actually prevented the color differentiation. The addition 
of sulfuric acid to the dve solution, however, appeared to increase consideralls 
the intensity and substantiality of the staining. In this connection it was ob- 


1 


served that the use of hydrochloric acid alone resulted in an appreciable loss 


of dye during the later steps of the method, whereas the combination of hydro- 
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chlorie and sulfurie acids prevented such loss. Addition of alum prevented loss 
of mucus from the slide and brought out sharply the intracellular mucus in a 
striking color contrast. The use of mildly acidulated water for washing en- 
haneed the staining of the nuclear and cytoplasmie substances, whereas pure 
water imparted a purplish color to these materials, and more highly acid solu- 
tions led to a marked loss of dye. 

None of the foregoing procedures, however, vielded any degree of per- 
manence of metachromasia, unless the smear was fixed after staining. To this 
end we tried formalin (10 per cent), Susa, formol-aleohol, and saturated solu- 
tion of HgCl,; only the last one of these gave the desired result. Its use before 
staining, however, was ineffective. The metachromasia could thus be preserved 
throughout the usual treatment with aleohol and xylol, and subsequent mount- 
ing in balsam even improved the brillianey of the colors. 

The finished preparations show both extra and intracellular mucus stained 


red to purplish red. The cells, on the other hand, are invariably stained blue, 


the nuelei being clearly differentiated from the evtoplasm by the greater depth 
of blue color. Contrast between intracellular mucus and evtoplasm is very strik- 
ing. Smears prepared according to this technique permit a study of fine cellu- 


lar details with the oil immersion lens. 


REFERENCES 


1. Bank, O., and Bungenberg de Jong, H. G.: Untersuchungen ueber Metachromasie, 
Protoplasma 32: 489, 1939. 

2. Holmgren, H., and Wilander, O.: Beitrag zur Kenntnis der Chemie und Funktion det 
Ehrlichschen Mastzellen, Ztschr. f. mikr.-anat. Forsch. 42: 242, 1937. 

Kelley, E. G., and Miller, E. G., Jr.: Reactions of Dyes With Cell Substances. ITI. The 

Differential Staining of Nucleo-Protein and Mucin by Thionine and Similar Dyes, 
J. Biol. Chem. 110; 119, 1935. 

1, Lison, L.: Etudes sur la metachromasie. Colorants metachromatiques et substances 


» 


chromotropes, Arch. de biol. 46: 1935. 





CHEMICAL 


THE ASCORBIC ACTD SATURATION TEST 


(A PRELIMINARY REPORT 


Liv. Compr. JouNn J. ENGeELFRIED,* H-V(S), USNR 
With THE TECHNICAL ASSISTANCE OF Mary A. MeWuinutams. Pu. M. 2/C-W 


INCE the isolation of vitamin C in 1928 by Szent-Gyéreyi,'! many investiga 

tors have been interested in the chemical determination of this vitamin in 
blood and other body fluids. Various authors have shown that the normal adult 
should have a daily intake of at least 50 mg.2°  Leveowich and Batchelder 
believe that the calculated ascorbie acid content of foods in a freely chosen 
diet may be overestimated and give a false sense of security as adequateness of 
vitamin ©. According to Heinemann,? at least 0.8 meg. of aseorbie acid per 
kilogram body weight is used by a normal vitamin C-saturated individual ; how 
ever, 0.4 mg. or less daily is probably sufficient to prevent scurvy. To maintain 
tissue saturation, 1.7 to 2.0 mg. per kilogram body weight is required.’ 

An individual’s past intake of vitamin C may be decided either with an 
estimation of the ascorbie acid content of the blood or with the use of a satura 
tion test, in which a known quantity of vitamin C is administered and the rate 
of excretion in the urine for a standard period of time is determined. The 
saturation test is based on the assumption that a past deficiency of vitamin © 
results in a low concentration in the tissues. Therefore, when this vitamin is 
administered (orally or intravenously), the tissues are capable of rapidly re- 
moving it from the circulating blood and a very small quantity is excreted in the 
urine. On the other hand, if the tissues are saturated, then, wnen the test dose 
is administered, the aseorbie aeid will be removed from the blood and exereted 
in the urine in varying quantities, depending on the degree of tissue saturation. 
Lewis et al. found that the renal threshold for ascorbic acid in twelve norma! 
adults ranged from 1.1 to 1.8 mg. per 100 ¢.¢. Faulkner and Taylor’ agree thai 
this threshold is in the vicinity of 1.40 me. per 100 ¢.e. of serum. 

A saturation test may be preferable to a blood determination because a 
venipuncture is not required. Furthermore, as stated by Harris," ‘‘a subnormal 
level in the blood probably gives less clear quantitative evidence of the exact ex- 
tent of the deficit. ...”’ 

There are objections to the use of the term ‘‘tissue saturation’’ as appli: 
to ascorbie acid concentration in tissues. Hou® observed that ascorbutie tissu 


were capable of removing more ascorbic acid from a solution than normal tissu 


*From the Department of Physiological Chemistry of the Naval Medical School, Natio: il 
Naval Medical Center, Bethesda, Md. 
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The saturation test described by Harris’ consists of a test dose of 700 mg. 
per 10 stone body weight (140 pounds), which is administered orally at 10:30 
1.M. During the peak of the vitamin excretion, 2 to 4:30 p.m., a 21-hour urine 
specimen is collected. This test dose is repeated daily until the body’s reserves 
approach saturation, which is indicated by the rise of the ascorbic acid excretion. 
The saturated individual should excrete at least 50 mg. per 10 stone weight for 
the 214-hour period on the second day, while an inadequate vitamin C intake 
is manifested by requiring a longer period of time before obtaining a satisfactory 
response to the test dose. 

Other workers have recommended a 24-hour saturation test. Also, for this 
purpose, ascorbic acid may be used intravenously. According to Hawley and 
Stephens,'® in saturated subjects the maximum exeretion, after oral administra- 
tion, is obtained during the third, fourth, fifth, and sixth hours; while after 
intravenous use it occurs during the first and second hours. 


METHOD OF STUDY 


In this study the subejets were requested to avoid eating fruit, fruit juices, 
and those foods high in vitamin C, immediately before and during the test. 
After breakfast, the bladder was emptied, and the subjeet was given 200 mg. 
ascorbie acid, and a glass of water. (The tablets were swallowed in the presence 
of the author.) The bladder was emptied every hour for six hours. The 
majority of the urine specimens were titrated* (with a standardized, purified 
sodium 2,6 dichlorophenol indophenol) within fifteen to twenty minutes after 
voiding. In one part of this study the specimens were collected over a 24-hour 
period. The night specimens were preserved with acetic acid and titrated the 
following morning. 

All were adults; the majority were between 20 to 80 vears of age. 

One group of seven women and eight men, presenting a history of having 
had considerable fresh fruits and vegetables for at least one month prior to the 
test, were selected for the first part of this study. These were considered to 
he average normal adults on an adequate vitamin © diet. A second group of 
eighteen men, presenting the history of having had a limited quantity of fruit 
and fresh vegetables, were selected on the assumption that they had an inade- 
quate vitamin © diet. The third part of the investigation consisted of four 
patients suspected of a definite vitamin C deficiency. An additional study was 
undertaken on three men to determine the excretion of ascorbie acid during a 
twenty-four hour period, without and with the test dose. 


RESULTS 


Fifteen adults, considered to have had an adequate vitamin C diet, received 
av oral administration of 200 mg. of ascorbie acid (Table I). The average 
to‘al exeretion for the four-hour period was 27 mg.; the total for the six-hour 


period was 50 mg. The range for the four-hour test was 17.3 to 71.6 mg., while 


the six-hour range was from 27.9 to 82.3 mg. 


*Ascorbic acid, which is a strong reducing agent, is capable of decolorizing sodium 2,6 
dichlorophenol indophenol. It is well understood that other substances may also be present 
in urine possessing this property. These substances can be removed with mercuric or barium 
ac-cate. For clinical purposes, this does not appear to be necessary, 
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TABLE I 


ADEQUATE VITAMIN C INTAKE SHOWING MILLIGRAMS EXCRETED IN  URINE* 


MILLIGRAMS PER HOUR 
FIRST SECOND THIRD FOURTH — FIFTH SIXTH TOTAL MG. TOTAL MG. 
HOUR HOUR HOUR HOUR HOUR HOUR {HOURS 6 HOURS 
(Group 1—Females ) 
20.5 o.7 2.7 - o9.8 
7 Y. 27.2 9.5 22.9 


20.7 “ oo. mt 
5.6 5. 71.6 
15.5 : 24.3 
3.9 : ee: 
23.0 


15.80 : 31.41 


Averages of Groups l and 2 
2.56 £.00 11.57 9.41 12.9 10.3: 


*After oral administration of a 200 mg. test of Ascorbic Acid. 


The eighteen subjects selected, because their history indieated an inadequate 
vitamin C€ diet, excreted, after oral administration of 200 me. of ascorbie aeid., 
an average of 3.2 mg. for four hours and 5.1 me. for six hours (Table 11). 


TABLE I] 
INADEQUATE VITAMIN C INTAKE SHOWING MILLIGRAMS EXCRETED IN URINE* 


MILLIGRAMS PER HOUR 
FIRS1 SECOND ‘THIRD FOURTH FIFTH SIXTH TOTAL MG. TOTAL MG. 
HOUR HOUR HOUR HOUR HOUR HOUR $ HOURS 6 HOURS 


09 O58 0.4 32 0.5 3.9 
1.0 0.5 0.0 0.: cE 1.5 
0.9 0.0 2 0.: : 
0.6 1.4 1.0 
0.4 0.0 1.4 . ‘ 2.¢ 
0.5 0.4 0.6 3.3 
0.5 (,: G;; 
0.6 0. 

1.4 0.6 0. 

1.0 0.5 0.4 

0.4 2.3 28 

0.1 0.2 O.. 

0.2 0.: 0.§ 

0.9 # 

1.0 1.1 

0.5 0.5 

0.6 0.7 

0.8 0.6 


0.76 9.95 — 63 96 


Ct te CO SS 
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~ O10 O11 
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*After oral administration of 200 me. of Ascorbic Acid. 

The four patients suspected of a vitamin C deficiency were tested with this 
saturation test (Table III). During the six-hour period, the average exereti 
was 6.55 mg. After receiving approximately 200 mg. of vitamin C (from frui! 
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juices) daily for sixteen days, these patients were retested. The average 
excretion for the 6-hour test period was 118.3 mg. Three of the four patients 
excreted 116.9, 163.5, and 149 me. of ascorbie acid, indicating that their tissues 
were well saturated. 

TABLE II] 


RESPONSE TO DAILY OrAL ADMINISTRATION OF VITAMIN C SHOWING 
MILLIGRAMS EXCRETED IN URINI 


MILLIGRAMS PER HOUR 
TOTAL MG. 6 
FIRST SECOND THIRD FOURTH FIFTH SIXTH 
4 TOTAL 


MG. 
OUR 'P rk OUR OUR HOUR 
Hf I Hot HOt Hour Hl HOURS HOURS 


PATIENT TEST 


Ist 0.2 oO m 0.8 : : 2. 4.9 
2ndt 0.5 ? 28.6 29.7 Shs ee, wD. 116.9 
Ist , Sek 0.9 “ r 2D. 8.5 
2ndt ae Bie OL ol. ods De ‘i 163.5 
Ist F . ae oO 1.é ‘i 0. 8.] 
2ndt ‘ 6 ol, 2. 6, 50. iD yf 149.0 
Ist F ; ‘ Py. oe Ded Dao 
Pndt 

*After oral administration (test dose) of 200 meg. 

7Second test was made 16 days after the first test; during this interval the patients 

received approximately 200 mg. of vitamin ‘‘C” daily. 


TABLE IV 


TWENTY-Four Hour URINARY EXCRETION OF VITAMIN C BEFORE AND AFTER ORAI 
ADMINISTRATION OF ASCORBIC ACTD 
Showing milligrams per specimen 


TIME SUBJECT 8 SUBJECT 13 SUBJECT 15 

HOURS 3EFORE AFTER * BEFORE AFTER* BEFORE AFTER* 
0.2 1.6 ().2 5 0.1 0: 
O.4 7.9 0.1 i 0.02 0.< 
f 3.6 t 0. ; 
0:5 .S Os a Ou! 
2.1 : t ‘ 0. 
Lo 1s 

T Fea Y: 

0.6 

1.4 


3A 

Total 

*After oral administration of 200 meg. of Ascorbic Acid. 
7No urine specimen collected. 


Another individual with a history of a very inadequate vitamin C diet 
excreted 3.8 mg. in the 6-hour period. After receiving 50 mg. of ascorbic acid 
daily for six days, a second test resulted in an exeretion of 3.7 mg. After 
twenty-nine days on this 50 mg. dose, the response to a test dose was 10.3 mg. 
tor the six-hour period. The daily dose was increased to 75 mg. Six days later 
the response to the test dose produced satisfactory results, with an exeretion of 


47 me. in six hours. 


Minally, a study was made on three individuals on an adequate vitamin C 
et to determine the rate of ascorbic acid excretion during two consecutive 
nty-four hour periods (Table IV). During the first twenty-four hour period 
ese men had a normal diet without the test dose. After the last urine specimen 
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was collected for this first period, these men were given 200 mg. of ascorbic 
acid, and the urine specimens were collected for the second twenty-four-hour 
period. The results show that there is a marked difference in the ascorbie acid 


eontent of the 24-hour urine specimens before and after a test dose is admin 


istered. 
SUMMARY 


1. Satisfactory results can be obtained with a 200 meg. saturation test. 

2. Since the maximum rate of exeretion, after oral administration, occurs 
during the third, fourth, fifth, and six hours, a six-hour saturation test appears 
to be satisfactory. A four-hour saturation test probably will give satisfactory 
results. 

3. An adequate vitamin © diet is indicated by a urinary excretion of ap 
proximately 20 mg. or more of ascorbic acid in four hours, or approximately 
30 mg. or more in six hours. Less than 10 mg. in six hours can be definitely 
considered inadequate. 
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METHODS FOR THE DETERMINATION OF THIOURACIL IN TISSU 
AND BODY FLUIDS* 


Ropert H. Winuiams, M.D., BerNarp J. JaNporF, Pu.D.,+ ANbD 
GLORIA A. Kay, B.S., Boston, Mass. 


URING the past two years the goitrogenic effects of certain thioureas and 

sulfonamides have been reported by several observers.’ Mackenzie, 
Mackenzie, and McCollum! noted, while studying the effect of sulfaguanidine on 
the bacterial svnthesis of vitamins in rat intestines, that marked enlargement of 
the thyroid resulted from this drug. Richter and Clisby,? when investigating 
the effects of various unpleasant tasting substances in rats, found that phenyl 
thiourea induced goiter formation. Kennedy and Purves® demonstrated in rats 
a goitrogenic effect of rapeseed, this effect being ascribed to thiourea.t Subse- 
quent studies by Mackenzie and Mackenzie,’ as well as by Astwood and associ- 
ates,° revealed that a large number of sulfonamides and thioureas eaused in 
rats not only marked thyroid enlargement, but also a decrease in the basal oxy- 
gen consumption. Whereas these changes were prevented by hypophysectomy 
or by the simultaneous administration of thyroxin; diodotyrosine and potassium 
iodide had no effect. These sulfonamides and thioureas inhibit the production 
of the thyroid hormone, leading to a fall in the basal metabolism and enlarge- 
ment of the thyroid gland. Astwood* found that 2-thiouracil possessed these 
properties to a greater degree than any of a large number of substances whieh 
he tested. He also reported® that three thyrotoxic patients treated with thiourea 
or thiouracil experienced a fall in the basal oxygen consumption and a remission 
ot their symptoms. Williams and Bissell’ confirmed these observations and also 
found that the plasma protein-bound iodine returned to normal in association 
with thiouraeil therapy. An arbitrary dosage of about one gram daily has been 
used, but it is desirable to ascertain the minimal effective dosage sinee one case 
of severe agranulocytosis resulted from the thiouracil treatment.* The ultimate 
solution to this problem must be based upon the response of the patient to vary- 


ing dosages, but it would be very helpful to know about the rate of absorption 


from the gastrointestinal traet, the distribution throughout the body, and the 

rate of excretion of the drug. Several months ago we began an investigation of 

these points, but since no methods had been reported for the determination of 

thiouracil in tissues and body fluids, it was first necessary to attack this problem. 

In this paper we are presenting the methods which we have found to be satis- 
tory. 


0 


The methods chosen are based on Grote’s!” observation that a blue color was 


ied by substances of a C — S type when treated with a special reagent. 
*From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Har- 
', Boston City Hospital, and the Department of Medicine, Harvard Medical School. 

This investigation was aided by a grant from the Milton Fund of Harvard University. 
+Fellow of the Commonwealth Fund. 
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Grote’s reagent was produced by the treatment of sodium nitroferricyanide it 
sodium bicarbonate solution with hydroxylamine hydrochloride followed hb; 
bromine. The reaction is apparently limited to compounds of divalent sulfur 
linked to a single nonmetallic element; thiouracil (2-thio, 6-oxypyrimidine ) has 
this linkage. 

METHODS 

A. Preparation of Grote’s Reagent.—In preparing the reagent used by 
(Grote, 0.5 Gm. of sodium nitroferricvanide is dissolved in 10 ¢.e. of water in a 
small beaker at room temperature. To this mixture is added 0.5 Gm. of hy 
droxylamine hvdrochloride and then 1 eram of finely powc red sodium biearbou 
ate. The beaker is kept covered with a wateh glass until the evolution of gas has 
ceased and then 0.1 ¢.c. of bromine is added. The cover is replaced until gas no 
longer evolves. This solution, which is clear mahogany brown, is filtered int: 
a 25 ec. volumetric flask and then diluted to volume. Before using this solu 
tion it is further diluted 1:5." 

B. Determination of a Standard Curve.A 10 me. per cent aqueous solu 
tion of thiouracil* is prepared. The pH. is adjusted to 8.5 with normal sodium 
hydroxide, using a glass electrode for the pH determinations. Aliquots of 0.05 
to 1 ee. are diluted with distilled water to 1 ¢.e. To each tube is added 1 ¢.¢ 
of Grote’s reagent. After standing for fifteen minutes, 4 ¢.e. of 1 per cem 
sodium chloride is added to eaeh tube to a total volume of 6 ©... and the in 
tensity of the color is immediately determined in the Evelyn photoelectric 
colorimeter, using a 660 filter and No. 6 diaphragm. The tube used as a blank 
contains 1 ¢.c. of Grote’s reagent and 5 ¢.e. of one per cent sodium chloride. 
When the results are plotted on semilogarithmic paper, a straight line is ob- 
tained. 

C. Urine Analysis. The urine is preserved with chloroform or hvdro 
chlorie acid. The pH of the entire specimen is adjusted to form 8.5 to 9 with 
normal sodium hydroxide. About 10 ¢.e. of the urine are centrifuged and from 
0.25 to 0.5 @e. of the clear laver is pipetted into a colorimeter tube. Following 
the addition of 1 ¢.c. of Grote’s reagent, the tube is allowed to stand for fifteen 
minutes. It is then diluted with 1 per cent sodium chloride to 6 ee. and read 
immediately in the colorimeter, as in the ease of the standard solutions. 

D. Blood Analysis—To 1 ©. of oxalated blood is added 1 ¢.e, of distilled 
water. The tube is shaken and the pH is adjusted to from Ss to 8.5. Then 0.1 ¢.c. 


of a 5 per cent solution of trypsin (technical) is added, and the mixture is in- 
cubated at 37° C. for twelve hours. A protein filtrate is prepared, using 1 ©.¢. 
of the digested blood mixture, 7 ¢.¢. of distilled water, 1 ¢.¢. of 5 per cent copper 
sulfate, and 1 ¢.c. of 7 per cent sodium tungstate. The pH of the filtrate is ad- 
justed to from 8.5 to 9. Then 5 ¢.e. of the filtrate are pipetted into a colorimeter 
tube, and 1 ¢.¢. of Grote’s reagent is added. After fifteen minutes, the amount 


of color development is estimated in the colorimeter as in the case of the stand: 
ard solutions. Occasionally a slight cloudiness develops after the addition of 


(irote’s reagent. in which case the solution is filtered through No. 2 Whatman 
filter paper. 


*The thiouracil was supplied by the Lederle Laboratories, Ine., Pearl River, N. Y. 
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K. Tissue Analysis -To the tissue is added an equal volume of water and 
about one-half this volume of normal sodium hydroxide. A homogenous sus- 
pension is prepared in a Waring Blendor or in a mortar. The mixture is al- 
lowed to stand overnight in the icebox, and an aliquot of 1 ¢.e. is taken for 
analysis. A protein filtrate is prepared by means of the copper sulfate-sodium 
tunestate mixture, as in the case of the blood. lollowine the adjustment of the 
pH from 8.5 to 9.0, 5 ¢e¢. of the filtrate are pipetted into a colorimeter tube. 
Then 1 ¢e. of Grote’s reagent is added, and the color is eestimated after fifteen 
minutes. 

COMMENTS 


A. Physical and Chemical Properties of Thiouracil.—Little or no data on 
the properties of thiouraecil seem to have been published sinee Wheeler and 
Liddle '* reported the synthesis of this compound in 1908. Thiouracil is a 
white, odorless, bitter powder. It is insoluble in methyl alcohol, ethyl aleohol, 
carbon tetrachloride, acetone, and mineral acids; it can be partially extracted 
from an acidified aqueous solution by shaking with ether over a prolonged period 
of time. A saturated aqueous solution contains about 50 mg. of thiouracil per 
100 ee. at 25° CL Due to its acid properties, it forms very soluble salts on ad- 
dition of sodium or potassium hydroxide to an aqueous suspension. Solutions 
of thiouracil are not affected by heating to SO° C. for ten minutes, although they 
lose 20 per cent of their thiouracil content when kept in a boiling water bath 
for five minutes; 100 per cent when autoclaved for five minutes at 105° C. under 
fifteen pounds of pressure. 

Dry thiouracil is stable for months at room temperature. It has been 
found to remain stable for several days when kept in the ieebox (5° C.) whether 
in the form of an aqueous solution, or in urine, blood, or tissue extracts. No 
destruction occurred when a solution containing 20 me. per 100 ¢.e. of thiouraeil 
Was exposed to direct sunlight for one hour. 

B. Factors Affecting the Color Reaction-—The maximal color reaction be- 
tween thiouracil and Grote’s reagent takes place at a pl from 8 to 9. The 
further the pH is removed from this range, the less intense is the color pro- 
duced. 

Although some color begins to develop as soon as Grote’s reagent is added 
to a solution of thiouracil, the maximal reaction, at room temperature, requires 
about fifteen minutes. If an interval longer than fifteen minutes is allowed to 
elapse between the addition of the reagent to the solution of thiouracil and 
the dilution of this mixture to 6 ¢¢., the color so produced gradually decreases ; 
after seventy-five minutes, the intensity is only one-half that obtained after 
fifteen minutes (Fie. 1). On the other hand, the color of the diluted mixture 


decreases only 3 per cent on standing at room temperature for sixty minutes. 


The rate of the reaction can be increased by heat; the maximal color at 55° C., 
60° C., and 75° C. is obtained in five, four, and two minutes respectively. How- 
ever, the process of heating may cause some cloudiness which interferes with 
colorimetrie estimations. Light was shown to affect the reaction, since only 40 
per cent of the usual color developed when 0.5 ¢.c. of a 20 mg. per 100 ¢.e. solu- 
tion of thiouracil was added to Grote’s reagent and permitted to remain in the 
dark for fifteen minutes. 
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Undiluted Grote’s reagent will remain stable for two weeks or more if kept 
in the icebox. However, it should be tested with a standard solution of thiouracil 
at intervals of two to three weeks. The only component of Grote’s reagent which 
we have thus far observed to deteriorate is hydroxylamine hydrochloride. We 
have found this substance to lose appreciable activity within six weeks, in spite 
of keeping it stoppered and in the icebox most of the time. 

Although a number of factors affect the color intensity, when the determina- 
tions are performed in the manner outlined previously, relatively eonstant re- 
sults are obtained, making it unnecessary to make frequent estimations on stand- 


ard solutions. 





%o 


MAXIMAL 
COLOR 











O 15 30 45 60 75 
MINUTES 


. 1.—The effect of time on the intensity of the color produced by the reaction at room tem- 
perature of thiouracil (S mg. per cent solution) with Grote’s reagent. 


C. Analysis of Specimens.—In all of the analyses conducted we have used 
as a blank for the colorimeter readings 5 ¢.c. of distilled water and 1 ¢.c. of 
Grote’s reagent. This is permissible because all of the specimens to be assayed, 
except urine, give a clear colorless filtrate, and the quantity of urine used is so 
small that the vellow color does not interfere with the determination. (1) 
Urine—Thiouracil is soluble in urine in dilutions of 1:2000, and, therefore, if 
should be in solution with the dosages ordinarily used therapeutically. When 


the pH of the urine specimen is adjusted to 8.5, complete solubility is assured. 


A slight precipitate usually follows alkalinization, but this ean be removed 
centrifugation. (2) Blood—The analysis of blood proved to be a much ne 
difficult problem than that of urine. It is necessary to obtain a clear filtrate 
accurate colorimetric estimations. However, it is found that a large part 
thiouracil remains in the precipitate. Zine sulfate, sodium hydroxide mixt 
trichloracetic acid, and tungstie acid all proved to be unsatisfactory as pr 
precipitants because they render the thiouracil insoluble. Since the conce! 
tion of thiouracil in the resulting filtrates is always far below that neces 
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to produce a saturated solution, ie., about 50 me. per 100 ¢.e., it seems that thi- 
ouracil at an acid pH combines with the precipitated proteins or their breakdown 
products. This is borne out by the facet that when the proteins of hemolyzed 
blood were digested with trypsin, recoveries were incomplete when the above 
precipitants were used. Precipitation with sodium tungstate and copper sulfate, 
on the other hand, vielded satisfactory recoveries. Thus, the first step in the 
analysis of blood is to hemolyze it with distilled water. The pH is then ad- 
justed to from 8 to 8.5, since this is the range for maximal activity of trypsin. 
Incubation is carried out at 37° C. for at least eight hours; shorter intervals 
lead to incomplete extraction. As the blood becomes more alkaline upon ineuba- 
tion, the protein filtrate is sometimes blue in color due to copper. However, 
upon reducing the pH to 8.5, the filtrate again becomes colorless. Occasionally, 
when Grote’s reagent is added to the filtrate, a cloudiness develops but this is 
readily removed by filtration. (38) Tisswes.—When the quantity of thiouraeil 
is expected to be small, the amount of fluid added should be only enough to per- 
mit the formation of a thin emulsion of tissue. Sedium hydroxide is used to 
extract thiouracil from the tissues; for complete extraction it is advisable to 
permit the mixture to stand overnight. It is necessary to prepare a protein- 
free filtrate in order to obtain a colorless solution. Digestion of the tissue pro- 
teins with trypsin has been found unnecessary. 


TABLE I 


RECOVERY OF THIOURACIL ADDED TO THE URINE AND BLoop 


URINE BLOOD | 


ADDED RECOVERED PER CENT ADDED RECOVERED PER CENT 
MG./100 c.c. MG./100 C.c. RECOVERY MG./100 ¢.c. MG./100 c.c. | RECOVERY 
0) ( cis (0) .. Z 


9 ‘ 100 | 0.4 0.32 SO 
4 5 | 9 1.6 1 88 


4 
5 5 100 2.4 2.4 100 


6 6 100 | 5 Sie 100 

8 8 100 4.0 £.0) 100 
LO 1( | 100 6.0 5.9 98 
20 19.8 99 8.0 8.0 100 
50 | 19.2 98 | 10.0 9.6 | 96 
100 96 96 


The analysis of liver differs slightly from that of the other tissues in that 
it is advisable to remove the excess fat. A suspension of liver in a weakly alka- 
lincine solution is extracted with ether, preferably overnight. The ether is then 
decanted and the usual procedure is resumed. 

I). Recoveries—In an accompanying paper! are presented the results of 
numerous analyses of the thiouracil content of urine, blood, and tissues of pa- 
tients. In a number of experiments, thiouracil was added to such materials in 

ntities sufficient to yield concentrations approximating those obtained in 
analyses. Assays of the content of thiouracil in these specimens usually 
values which were from 90 to 100 per cent of the amount added. Very 

il quantities of thiouracil eould be recovered to an extent of not less than 

nd 80 per cent due to analytical error in such low ranges of concentration. 

results given in Tables I and II are representative of the ones which we have 
ined repeatedly. 
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TABLE I] 
RECOVERY OF THIOURACIL ADDED TO TISSUE SUSPENSIONS 
LIVER KIDNEY MUSCLE 


ADDED 


RECOVERED PER CENT RECOVERED PER CENT RECOVERED | PER CENT 
MG./100 C.c. 


MG./100 c.c.| RECOVERY MG./100 ¢.C.| RECOVERY [|MG./100 C.C.| RECOVERY 


0 () 0) QO 


0. 0.4 100 3 5 0. LOO 
QT : : 0, S7 


4 
100 3 2 100 
94 : ow 
100 de 100 
95 3 s; 95 
100 ».$ 9S 
OD . Ss 97 
96 A 100 
99 90), 100 


96 97 96 


$1 : QS 20. 96 
Qs QS 100, 100 


K. Evidence for the Identity of Thiouracil in Tissues and Body Fluids. 
To test the specificity of our colorimetric procedure, a great number of possible 
breakdown products of thiouracil, as well as other types of sulfur compounds, 
were treated with Grote’s reagent. These experiments indicate that an ap 
preciable color with the reagent, under our conditions, is produced only by thos 


possessing the group 


Potassium sulfide, sodium sulfite, thioevanate, and thiosulfate, uracil, urea, 
creatinine, cysteine, cystine, glutathione, choline, methionine, thiamine, and 
sulfanilamide were tested in concentrations equivalent to 100 mg. per 100 ec. 
of thiouracil. According to Grote’s findings,’® all the compounds in this list 
which contain divalent sulfur linked to a single nonmetallic element can be ex- 
pected to yield a color with the reagent. This agrees with our findings that 
sodium thiocyanate and thiosulfate, in neutral or acid solution, produce a blue 
color with the reagent; even creatinine will react in this way in acid solution. 
However, none of the above compounds vielded anv color when their solutions 
were adjusted to a pH from 8.5 to 9 before addition of Grote’s reagent, nor did 
their presence inhibit or enhance the color formation due to 10 mg. per 100 c.c. 
of thiouracil. Sodium pentothal vielded 10 per cent, and thiobarbiturie acid 
35 per cent of the color produced by an equivalent amount of thiouracil. 

Thiourea, under the above conditions, vields an intense color with Grote’s 
reagent; this color is a pure blue as contrasted with a greenish-blue obtained 
with thiouracil. Rough absorption spectra of the color of thiouraeil and thio- 
urea with the reagent were obtained by determining the absorption of such solu- 
tions in the Evelyn photoelectric colorimeter with the filters available in our 
laboratory; the filters used had their maximum transmission at 420, 440, 520, 
540, 565, 620, and 660 mp. At the same time, similar absorption curves were 
obtained for urines collected after administration of either thiouracil or thiourea 


by mouth, with due corrections for the light absorption of the urine and of 
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Grote’s reagent. Fig. 2 shows that there is considerable difference in the ab- 
sorption curves of the compound formed by Grote’s reagent with thiourea and 
thiouracil, respectively. This was to be expected from the visually apparent 
difference in color between these compounds referred to earlier.” However, a 
marked similarity is obvious between the shape of the absorption curve of pure 
thiouracil or thiourea and of the urines containing the excretion products of 
either one.t At wave lengths up to 520 mp, urines treated with Grote’s reagent, 
when corrected for the absorptions of the reagent and the urine, showed some 
absorption; the same was found for urines devoid of thiouracil or thiourea. Ob- 
viously Grote’s reagent reacts with some normal urinary constituent to vield a 
compound which absorbs in this region. Neither the urines nor the reagent 


showed any appreciable absorption at wave leneths greater than 520 mu. 


| 


600 6&0 400 440 480 520 560 600 640 





WAVE LENGTH (m4 


Fig. 2.—a, Absorption curves of the reaction product of Grote’s reagent with thiourea 
x) and with urine containing the excretion product of orally administered thiourea 
0). 
b, Absorption curves of the reaction product of Grote’s reagent with thiouracil (x 
and with urine containing the excretion product of orally administered thiouracil (0 0). 


In several instances, extracts were prepared of liver, heart musele, and 
skeletal muscle of guinea pigs which had not been given any thiouracil. These 
extracts, as well as urines and blood filtrates from patients who had not been 
treated with thiouraeil, never vielded any color when Grote’s reagent was added 
to them. 

SUMMARY 


1. Methods are deseribed for the estimation of the content of thiouraeil in 


tissues, urine, and blood. 
S 


2. The methods depend upon the facet that the SN C NC linkage of thi- 
/ 


*The validity of the above approximate spectrometric method was established by com- 
Paring the absorption curves of Fig. 2 with more complete ones obtained for thiouracil with 
a Hardy recording spectrophotometer, and for thiourea with a Beckmann spectrophotometer. 
The two sets of spectra for the same compound were superimposable. Moreover. by extending 
the spectrum of thiouracil to 700 mu, it was found to show a maximum at about 680 mua. thus 
Making it appear very similar to that of thiourea except for a shift of about 90 to 100 mua 
towards the red part of the spectrum. 

*The differences in the absolute magnitudes of absorption, as opposed to the relative 
absorptions expressed by the shapes of the curves, between the pure drugs and their urinary 
excretion products is due, of course, to differences in the concentration of the chromogen in 
these respective solutions. 
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ouracil reacts with sodium aquoferricyanide in alkaline solution giving 


greenish color which can be quantitated in a colorimeter. 
3. Thiouracil in blood is partially bound to proteins. It can be liberated by 


tryptic digestion before assaying. 
4. Using the methods which we have deseribed, almost complete recovery ot 


added thiouraeil can be obtained. 
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THE PREPARATION OF A MORE STABLE CONCENTRATED 
UREASE SOLUTION* 


Capt. GrorcE R. Kinesiey, Sn. C., A.U.S. 


OF eae gn solutions prepared by extraction of Jack Bean Meal with aleohol 
and water are not stable at room temperature and when refrigerated may 
not be kept safely for more than one month. The alcohol in these extracts may 
also decrease the stability of the color developed after nesslerization. Water 
solutions of commercial urease powder are also unstable. Urease powder can- 
not be conveniently measured uniformly unless weighed; this is a time-consum- 
ing procedure. 
A simple procedure is proposed for the preparation of concentrated solu- 
tions of extracts of Jack Bean Meal and of commercial urease which are stable 


several weeks at room temperature. 


TABLE I 


COMPARISON OF FRESHLY PREPARED UREASE, AGED UREASE, AND AGED JACK BEAN MEAL 
EXTRACT SALT SOLUTIONS IN THE DETERMINATION OF BLOOD UREA NITROGEN 
UREASE JACK BEAN MEAL EXTRACT 
FRESH AGED 17 WK. AT 25° C. AGED 9 WK. AT 29° C. 
R CEN MG. PER CENT 
Ei 
12.4 
11.§ 
Ld 
16.7 
10.5 
11.0 
14.0 


PER CENT MG. PER 
11.6 
10.6 
10.3 
10.6 
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20.2 

16.2 

12.0 
“1.0 av. «8.4 av. 


*Krom the Laboratories, McCloskey General Hospital, Temple, Texas. 
Received for publication, Jan. 29, 1944. 
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PROCEDURI 

l. Preparation of Extract of Jack Bean Meal—To 150 ¢.e. of saturated 
sodium chloride solution in a 300 ¢.¢. Erlenmeyer flask, add 40 Gm. of Jack 
Bean Meal, 4 Gm. of permutit, and shake vigorously several minutes. Let the 
mixture stand twenty-four hours at room temperature. Shake the mixture again 
a few minutes and then centrifuge. Filter the supernatant solution through 
ordinary filter paper. Cover filter, as the filtration may require several hours 
Keep in a small dropper bottle. Use 1 drop for each 2.5 ¢.e. of acid tungstate 
protein free filtrate. 

2. Preparation of Commercial Urease Solution —To 50 ec. of saturated 
sodium chloride solution, add 2 Gm. of urease (Squibb double strength powder 
and shake vigorously a few minutes. Let stand one hour and filter. Cover 
filter, as this filtration may require a few hours. Keep in bottle with dropper. 
Use 1 drop of this solution for each 2.5 ¢.c. of acid tungstate protein-free filtrate. 

Ordinary precautions against contamination of the urease solutions should 
he taken. 

The stability of the saturated salt extracts aged from nine to seventeen 
weeks at room temperature is indicated by the good agreement between old 
and fresh extracts (Table 1). Blank determinations made upon fresh saturated 
salt extracts and 9 to 17 weeks’ old saturated salt extracts used in the prepara 
tion of the data in Table I were negative for ammonia nitrogen or ammonia 
nitrogen-forming elements. The blood urea nitrogen method of Karr! was used 
for the comparison of the extracts. Blood specimens for the data in Table | 
were taken from hospital patients during routine laboratory examination. 


SUMMARY 


A procedure is described for the preparation of concentrated extracts of 
Jack Bean Meal and of commercial urease which are stable several weeks at room 


temperature. 
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